Chemical Composition and Microbial Load of Gariss Produced by Nomadic Camel Herders in Al Gadarif State, Sudan by Suliman Khalil, Eilaf
Chemical Composition and Microbial Load of Gariss Produced by Nomadic 
Camel Herders in Al Gadarif State, Sudan 
 
A dissertation submitted to the University of Khartoum in partial fulfillment of the 
requirements for the degree for Master of Science in Dairy Production and 
Technology 
 
By 
Eilaf Suliman Khalil Suliman 
B.Sc. (Honour) Animal Production 
University of Khartoum (2007) 
 
Supervisor 
Professor: Ibtisam Elyas Mohamed El Zubeir 
 
Department of Dairy Production  
Faculty of Animal Production  
April 2012  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
i 
 
Abstract 
This study was conducted in Butana area in Al Gadarif State, to evaluate the 
traditional fermented camel milk (Gariss) prepared by nomadic camel herders. 
Nineteen Samples were collected during the rainy and dryseasons. The nomad’s 
housekeepers were interviewed. The survey showed different types of spoilage and 
variations in the shelf life. The effects of different types of containers and additives 
on the chemical composition and microbial load were estimated. 
The results indicated that the mean values of the total solids and the pH 
value for Gariss samples collected from nomadic camel herders during the dry 
season were significantly (P=  0.05) higher. The mean values of fat, protein and 
ash were significantly (P=  0.05) lower than those collected during the rainy 
season.  
The types of containers had significant (P=  0.05) effect on the total solids, 
fat and ash content and had no significant (P=  0.05) effect on protein content. The 
Gariss prepared in gourd (bukhsa) showed the highest (P= 0.05) total solids 
content (13.15%) and that prepared in stainless steel showed the highest (P= 0.05) 
fat content (4.65%). Gariss prepared in plastic containers showed the lowest (P= 
0.05) pH value (3.59) whereas;samples from siin were significantly (P= 0.05) 
lower in the ash content (0.53%) than those collected from other containers. 
Gariss samples collected during the rainy season were significantly (P=  
0.05) higher in the mean log count of TBC (7.32), and lower in the means log 
count of Lactobacilli spp. (7.06) and Streptococcus spp. (7.13) compared to that 
collected during the dry season. However, there were no significant differences in 
the mean log count of yeast and coliform between the two seasons. 
Gariss samples prepared in bukhsa was significantly (P=  0.05) showed the 
highest log means count of Lactobacillus spp. and the lowest mean log of total 
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bacterial count. Gariss samples prepared in plastic containers were significantly 
(P=  0.05) low in mean log count of coliform bacteria and high in total bacterial 
count. The lowest mean log count of Lactobacillus spp. and Streptococcusspp.(P=  
0.05) were estimated in Gariss samples prepared in stainless steel containers. 
The highest mean log of total bacterial count, Lactobacillus spp. and yeast 
were observed in Gariss samples prepared without additives. The additives used 
significantly (P=  0.05) increased the number of Streptococcus spp. 
The results showed that the isolates from 9 samples were identified as 
Lactobacillus fermentum(26.67%), Lb. brevis(13.33%), Lb. plantarum (20%), Lb. 
acidophilus (20%), Lb. casei (13.33%), and Lb. delbrueckii(6.67%). Streptococcus 
spp. isolates identified as strep. Thermophilus (80%) and Strep. lactis. (20%). 
Moreover, the coliform from 10 isolates were E. coli (40%), the most common 
coliform, Klebsiella(30%), and the Enterobacter aerogenes(30%). 
It is concluded that the spontaneous fermentation used for Gariss processed 
using undefined bacteria at the ambient temperature is uncontrollable and can 
result in different types of spoilage that are shortened the shelf life. Moreover, the 
chemical composition and the microbial loads were affected by the seasons (rainy 
and dry), types of additives and containers. It is also recommended that the 
fermentation should be controlled using lactic acidbacteria, moreover, more 
studies is needed on the effect of the additive and containers on Gariss quality. 
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ΖϳήΟ΃ΔϧΎτΒϟ΍ΔϘτϨϣϲϓϲϓΔγ΍έΪϟ΍ϩάϫΑϑέΎπϘϟ΍ΔϳϻϮϢϴϘΘϟ΃Ϲ΍ϥΎΒϟΔϳΪϴϠϘΘϟ΍ΓήϤΨΘϤϟ΍ϞΑ
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ΖόϤΟϞΣήϟ΍ϞΑϻ΍ΓΎϋέϦϣϢγϮϣϝϼΧϑΎϔΠϟ΍ΖϧΎϛΎϳϮϨόϣϲϠϋ΃P =  0.05ˬϥΎϛΎϤϨϴΑΎοΎϔΨϧ΍ήΜϛ΃
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Ϧόδϟ΍ϲϓϲΘϟ΍Ϟϗ΃ΎϳϮϨόϣP < 0.05ΩΎϣήϟ΍ΔΒδϧϲϓ(0.53%)ϱήΧϻ΍ϲϧ΍ϭϻ΍ϦϣΖόϤΟϲΘϟ΍ϚϠΗϦϣ
ϥΎϛςγϮΘϣ ϢΜϳήϏϮϟϲϠϜϟ΍ϱήϴΘϜΒϟ΍Ϊόϟ΍TBCϢγϮϣϝϼΧΖόϤΟϲΘϟ΍ιέΎϘϟ΍ΕΎϨϴόϟέΎτϣϷ΍
ΎϳϮϨόϣϲϠϋ΃P =  0.05ϢΜϳήϏϮϟςγϮΘϣϭLactobacilli spp.Streptococcus spp.ΎϳϮϨόϣϲϧΩϻ΍
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ΎϬόϤΟϝϼΧϦϴϤγϮϤϟ΍ϢΜϳήϏϮϟϲϓ΃ΪϋΩ΍ή΋ΎϤΨϟ΍ϭϥϮϟϮϘϟ΍ΎϳήΘϜΑ
ΖϧΎϛιέΎϘϟ΍ΕΎϨϴϋΕΰϬΟϲΘϟ΍ΎϳϮϨόϣϲϠϋ΍ΔδΨΒϟ΍ϲϓP =  0.05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Lactobacillus sppςγϮΘϤϟΔϳϮϨόϣΔϤϴϗϲϧΩ΃ΕήϬχ΍ΎϤϛϢΜϳήϏϮϟΎϳήΘϜΒϠϟϲϠϜϟ΍ΩΪόϟ΍ϭΕΎϨϴϋ
ιέΎϘϟ΍ϲϓΓΪόϤϟ΍ϟ΍ϲϧ΍ϭϷ΍ϴϜϴΘγϼΒΔςγϮΘϣϲϓΎϳϮϨόϣϞϗ΃ϢΜϳήϏϮϟΩ΍Ϊϋ΃ΩΪόϟ΍ϲϓϲϠϋ΃ϭϥϮϟϮϘϟ΍ΎϳήΘϜΑ
ΎϳήΘϜΒϠϟϲϠϜϟ΍έΪϗϢΜϳήϏϮϟςγϮΘϣϞϗ΃Ω΍ΪϋϷLactobacillus sppϭStreptococcus sppΕΎϨϴόϟ΍ϲϓ
ϲϓΓΰϬΠϤϟ΍ϲϧ΍ϭ΃΍ϦϣΔϋϮϨμϣΫϻϮϔϟ΃ΪμϠϟϞΑΎϗήϴϏ 
ϭϲϠϜϟ΍ϱήϴΘϜΒϟ΍ΩΪόϠϟϢΜϳήϏϮϟςγϮΘϣϲϠϋ΃φΣϮϟΩ΍Ϊϋ΃ϭή΋ΎϤΨϟ΍ Lactobacillus spp.ϲϓ
έΎϘϟ΍ΕΎϨϴϋΕΎϓΎπϤϟ΍ϡ΍ΪΨΘγ·ϥϭΪΑΓΪόϤϟ΍ιΕΩ΍ΫΔϣΪΨΘδϤϟ΍ΕΎϓΎπϤϟ΍΍ϦΜϳήϏϮϟςγϮΘϣΪϋ΍Ω
Streptococcus spp
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
iv 
 
ϢΗϲΘϟ΍ΔϟϭΰόϤϟ΍ΎϳήΘϜΒϟ΍ϥ΃Ξ΋ΎΘϨϟ΍ΕήϬχ΃ΎϬϴϠϋϑήόΘϟ΍ϦϣΕΎϨϴϋΖϧΎϛ Lactobacillus
fermentum (26.67%),. L brevis (13.33%), L. plantarum (20%), L. acidophilus 
(20%), L. casei (13.33%), L. delbrueckii (6.67%)ϦϣΔϟϭΰόϤϟ΍Ύϣ΍Streptococcus spp. 
ΎϬϧΎΑΖϓήϋ Strep. thermophilusϭ Strep. lactiΔϟϭΰόϤϟ΍ϥϮϟϮϘϟ΍ΎϳήΘϜΑϥ΃ΎϤϛϭ
ϦϣΖϧΎϛΕΎϨϴϋE. coliΎϋϮϴηήΜϛϷ΍ KlebsiellaϭEnterobacter 
aerogenes
Δγ΍έΪϟ΍ΖμϠΧϰϟ·ϥ΃ήϤΘδϤϟ΍ήϤΨΘϟ΍ϱάϟ΍ΝΎΘϧϹϞϤόΘδϳϡ΍ΪΨΘγΎΑιέΎϘϟ΍ΎϳήϴΘϜΑϓϭήόϣήϴϏΔ
ϲϓ΍Ϯϧ΃ϰϟ·ϱΩΆϳϥ΃ϦϜϤϳϭϪϴϓϢϜΤΘϟ΍ϦϜϤϳϻςϴΤϤϟ΍ϮΠϟ΍Γέ΍ήΣΔΟέΩϲϟ΍ϱΩΆϳϱάϟ΍ϒϠΘϟ΍ϦϣΔϔϠΘΨϣω
ήϴμϘΗΔϴΣϼμϟ΍ΓΪϣϤΤϟ΍ϭϲ΋ΎϴϤϴϜϟ΍ΐϴϛήΘϟ΍ϥ΍ΎϤϛϪϟϮϴΑϭήϜϴϤϟ΍ΔϢγ΍ϮϤΑϥ΍ήΛ΄Θϳϣϻ΍έΎτ΍ϭϑΎϔΠϟϭ
Ϸ΍ωϮϧϭΕΎϓΎπϤϟ΍ωϮϧϲϧ΍ϭϲϓϢϜΤΘϟΎΑΔγ΍έΪϟ΍ϲλϮΗϡ΍ΪΨΘγΎΑήϤΨΘϟ΍ΔϴϠϤϋϚϴΘϛϼϟ΍ξϤΣΎϳήΘϜΑϊϣ
ϟ΍ϦϣΪϳΰϤϟ΍ ΍˯ήΟ·ϭΕΎϓΎπϤϟ΍ήϴΛ΄ΗϝϮΣΕΎγ΍έΪωϮϧϷ΍ϲϧ΍ϭιέΎϘϟ΍ΓΩϮΟϲϠϋ
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CHAPTER ONE 
INTRODUCTION 
The camel had been one of the most neglected species of the domestic 
animals, although the camel has the ability to produce more milk for a longer 
period of time in arid zones and dry lands (an environment of extreme temperature, 
drought, and lack of pasture) than other domestic livestock species (Yagil, 1982). 
Camels are considered to be a good source of milk and meat, and are used for other 
purposes such as transportation and sport racing (Alhaj and Al Kanhal, 2010). 
Moreover, camel milk is considered one of the main components of the human diet 
in many parts of the world (Lhoste, 2004) as well as its therapeutic properties 
(Magjeed, 2005; Agrawal et al., 2007; Quan et al., 2008; and El-Agamy et al., 
2009). 
 Sudan is a country endowed with diversified animal wealth, most of them 
are owned by nomadic sector scattering all over the country (Eissa et al., 2010). 
Sudan has the second largest number of camels in Africa. According to recent 
estimates of livestock, the population of camels in Sudan was estimated to be about 
4 million heads distributed around the country (Ministry of Animal Resources and 
Fisheries, 2008). Camels in Sudan are concentrated in two main regions; the 
Eastern whereas camels are found in the Butana plains and the Red Sea hills and 
the Western regions Darfour and Kordofan (Al-Amin, 1979 and Eisa and Mustafa, 
2011). 
In pastoral societies, camel milk is traditionally consumed predominantly in 
the form of fermented milk as well as fresh milk (Alhadrmi, 2003). Fermentation is 
the only means of preserving milk under warm condition (Farah and Fischer, 
2004). Fermented milk is manufactured, consumed and trademarked with about 
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400 generic names throughout the world. More than half of the quantity of milk 
produced in Sudan is processed into some fermented dairy products, such as Roub, 
Mish, Gariss, Jibna-Beida and Yoghurt (Abdelgadir et al., 2008 and El Zubeir, et 
al., 2005). Meanwhile, fermented products of camel’s milk vary according to the 
method of processing (Yagil, 1982 and Alhaj and Al Kanhal, 2010). Shubat, Kefir, 
Leban, Tarag and Gariss are fermented camel milk products from Kazakhstan, 
Caucasian, Syria, Egypt, Mongolia, and Sudan, respectively (Thapa, 2000; Yagil, 
1982; Dirar, 1993 and Abdelgadir et al., 1998). 
The fermented camel milk inSudan (Gariss) is a semi-continuous 
fermentation process without addition of any types of starter cultures, it is carried 
out in or outside the field prepared by shepherds when driving the camel for 
grassing or pastures in faraway places (Shori, 2012). It was kept in two leather 
bags of tanned goat skin carried on the back of camels and subjected to continuous 
shaking by the jerky walk inherent to camels (Mirghani, 1994). Those herders 
depend on Gariss in which they sustain living for several months as the sole source 
of various nutrients (Abdelgadir et al., 1998; Dirar, 1993 and El-Agamy., 2000). 
The objectives of this study are: 
1. To study the processing techniques of Sudanese fermented camel milk 
prepared by nomadic camel herders in AlGadarif State. 
2. To improve the quality of camel milk products through sharing knowledge 
from nomadic women on the process of traditional fermentations process 
and how it can be controlled.  
3. To assess the quality of Gariss for both microbiological and chemical 
characteristics.  
4. To isolate and identify the predominant microflora in Gariss. 
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 CHAPTER TWO 
LITERTURE REVIEW 
2.1 Camel (Camelus) 
According to the recent statistics by Food and Agriculture Organization 
(FAO, 2008), there areabout 20 million camels in the world, of which15 million 
are found in Africa and 4 million in Asia.Of these estimated world population, 17 
million arebelieved to be one-humped dromedary camels (Camelusdromedarius) 
and 2 million are two-humped (Camelusbactrianus). More than 60% of the 
dromedarycamelpopulation is concentrated in the four North EastAfrican 
countries: Somalia, Sudan, Kenya and Ethiopia. Somalia has the largest camel 
herds worldwide (Farah, 1996; FAO, 2008). 
2.2 Camel milk 
2.2.1 Camel milk production  
The camel is of significant socio-economic importance in many arid and 
semi-arid parts of the world and its milk constitutes an important component of 
human diets in these regions (Ahmed et al., 2010). These areas and conditions 
make it difficult to estimate camel milk production. Other major factors including 
breeds, stage of lactation, feeding and management conditions play important role 
in the inconsistency of data (Cardellino et al., 2004). However, the current 
unofficial data about the camel milk production are scarce and are based on 
observations of particular research stations and rarely based on pastoral areas 
(FAO, 2003). According to the latest FAO statistics, camel (both species) milk 
production in the world is reported to be about 5.3 million tones per year, only 1.3 
million tones are consumed by humans, whereas, the remaining amount is fed to 
calves (FAO, 2008). However, under these harsh conditions, camels have the 
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capability to produce more milk than any other species and for longer periods of 
time although; their feed requirements are modest (Farah et al., 2007; Wilson, 
1998). Each camel (both species) produces between 1000 and 2000 L of milk per 
lactation period of 8- 18 months (FAO, 2006). Their daily milk production average 
is estimated to be between 3 and 10 L during a lactation period of 12- 18 months 
(Farah et al., 2007). The yield could increase to 20 L per day under improved feed, 
husbandry practice, water availability and veterinary care (FAO, 2006). The 
average daily camel milk yield, lactation length and lactation yield were also 
reported by Cardellino et al. (2004); Farah (1996); Yagil (1982); Yaqoob and 
Nawaz (2007). Most of the authors did not specify the number of milking per day, 
and it is unclear if these figures include young camels which provide up to 40% of 
the total production (Cardellino et al., 2004).  
2.2.2 Camel milk properties 
Camel milk is a complex mixture of fat, protein, lactose, minerals and 
vitamins (Khaskheli et al., 2005). The average density of camel milk is 1.029 g 
/cm3 (Farah, 1996). It has been reported to be less viscous than bovine milk 
(Laleye et al., 2008). The viscosity of camel milk at 20 ºC is 1.72 mPa.s, whereas, 
the viscosity of bovine milk at the same dry matter content and under the same 
conditions is 2.04 mPa.s (Kherouatou, et al., 2003). The pH of fresh camel milk 
ranges from 6.5 to 6.7 (Khaskheli et al., 2005; Mehaia, et al., 1995), a slightly 
lower pH of 6.4 (Abu-Taraboush et al., 1998), and 6.0 have also been recorded 
(Sulieman et al., 2006). The pH of camel milk is similar to that of sheep milk 
(Yagil et al., 1984). However, variations in time, pH and acidity for the same 
source of milk could be due to differences in hygiene of the actual milking and the 
total microbial count of the milk (Mehaia et al., 1995). The camel milk contains a 
greater content of antimicrobial components such as lysozyme, lactoferrin and 
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immunoglobulins than do bovine or buffalo milk (Benkerroum, 2008; El-Agamy,.; 
2000; Kappeler et al., 1999; Konuspayeva et al., 2009).  
2.2.3 Camel milk composition  
          The camel milk has been studied in different parts of the world including 
Sudan (Elamin and Wilcox, 1992; Haddadin et al., 2008; Mehaia et al., 1995; 
Omer and Eltinay, 2009; Shuiep et al., 2008). Konuspayeva et al. (2009) 
conducted a meta analysis study and given the means of camel (bactrian and 
dromedary) milk composition for the period between 1905 and 2006. They 
concluded that camel milk is an important source of proteins for the people living 
in the arid lands of the world. Variation in camel milk composition was also 
observed for camels from the same species (dromedary). Further, seasonal 
variations were found to play a role in camel milk composition even for camels 
from the same species (dromedary) and regions (Bakheit et al., 2008; Haddadin et 
al., 2008; Shuiep et al., 2008). An inverse relationship was found between total 
solids in camel milk and water intake by camels. Konuspayeva et al. (2009) found 
that all components except lactose reached their maximum in mid-winter and 
decrease to the lowest in the summer. For example, total solids were 13.9% in 
December and January, and 10.2% in August which can be related to the 
availability of drinking water (Haddadin et al., 2008). Moreover, the fat content of 
camel milk decreases from 4.3 to 1.1% due to the increase in water content of milk 
produced by thirsty camels (Yagil and Etzion, 1980). The increasing in water 
content could be attributed to the decrease in total solids produced by the thirsty 
camels. Alhaj and Al Kanhal (2010) reported that changes in camel milk 
composition could be due to several factors including analytical measurement 
procedures, camel diet, climate, water availability, livestock management, and 
other factors. 
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2. 3 Medicinal value of the camel milk  
For a long time milk was considered to provide only nutritional components 
such as essential amino acids (Hambræus, 1992). Camel milk has an important role 
in human nutrition in the hot regions and arid countries. It contains all the essential 
nutrients found in bovine milk (El-Agamy et al., 1998; Karue, 1998).  Also, it is 
known for its medicinal properties, which are widely exploited for human health, 
as in several countries from the ex Soviet Union and developing countries (Dirar, 
1993; Kenzhebulat et al., 2000). 
Fresh and fermented camel milk have been used in different regions in the 
world including India, Russia and Sudan as a treatment for a series of diseases such 
as dropsy, jaundice, tuberculosis, asthma and leishmaniasis or kala-azar 
(Abdelgadir et al., 1998; Shalash, 1984). Recently, camel milk was reported to 
have other potential therapeutic properties, such as anti-carcinogenea (Magjeed, 
2005) anti-diabetic (Agrawal et al., 2007; Shabo et al., 2005) and anti-hypertensive 
(Quan et al., 2008), and has been recommended to be consumed by children who 
are allergic to bovine milk (El-Agamy et al., 2009). Moreover, it is used for 
diarrhea treatment (Al-Attas, 2008). These potential health benefits are obtained 
through a number of bioactive components in camel milk. These components were 
reported to exist naturally in camel milk (Agrawal et al., 2007; El-Agamy et al., 
1992) or derived from camel milk proteins using probiotic strains (Elayan et al., 
2008 and Quan et al.; 2008).  
2.4 Camel milk products 
It has been reported that camel milk is only suitable for drinkingin fresh 
form (Yagil et al., 1984 and Alhadrami, 2003). Most camel milk production is 
consumed locally by families and their animals, and does not reach the urban 
markets because most of the camel herds are located in the arid and desert areas 
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which are far from the commercial markets (Dirar, 1993 and Abdelgadir, et al., 
1998). These products are still made at laboratory scale and not well developed 
enough to reach a commercialscale, butsome are usually produced at a larger 
scale in the pastoral areasduring the peak season of milk production or when milk 
productionis above that required for human and young calf (Alhaj and Al Kanhal, 
2010). However, there are various products fromcamel milkinclude soft cheese 
(El Zubeir and Jabreel,2008; Inayat et al., 2003; Mehaia, 1993,2006), fermented 
milk (Ahmed et al., 2010; Ashmaig et al., 2009; Elayan et al., 2008; Hassan et al., 
2008; El Zubeir and Ibrahium, 2009; Farah et al.,1990) yoghurt (Hashim et al.,
2008 and El Zubeir et al., 2012), ice cream (Abu-Lehia et al., 1989) andbutter 
(Farah et al., 1989; Rüegg and Farah, 1991). 
2.5 Fermentation 
Milk has been preserved since early times by fermentation. Many traditional 
fermented milk products were made in Asia, Africa, the Middle East, and northern 
and eastern Europe (Savadogo et al., 2004). Fermented dairy products generally 
have a large shelf life than their original substrate and their spoilage is different in 
character, also they are of great significance for their therapeutic and social values, 
alleviating lactose intolerance and as a means of generating income (Beukes et al., 
2001). 
The nature of fermented products is different from one region to another and 
this depends on the local indigenous microflora, which in turn reflects the climatic 
conditions of the area (Savadogo et al., 2004). Thus, traditional food fermentation 
can take potentially hazardous substances as raw materials, such as raw milk and 
transform them into products with both improved keeping qualities and reduced 
risk of causing illness (Keller and Jordan, 1990). The fermented dairy products of 
the Sudan are divided into two major groups; the truly indigenous which include 
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roub, Gariss and mish and the quasi-indigenous which include zabadi and jibna 
beida. The intensity of spicing in mish may differ from region to another and even 
from family to another within the same district as it depends on spices availability 
and the taste of the people (El-Mardi, 1988; Dirar, 1993). 
2.6 Fermented camel milks 
A variety of foods can be preserved by lactic acid fermentation (Ahmed et 
al., 2002), which is themost widely usedacidification process to coagulate milk 
during the manufacture of cultured dairyproducts(Attia et al., 2001).Fermented 
products of camel’s milk vary according to the method of processing (Yagil, 1982; 
Dirar, 1993; Abdelgadir et al., 1998; Ahmed et al., 2010). However, many reports 
abouttraditional dairy products have shown that they haveunique and different 
microflora depending on the productiontechnology as well as on the ecological 
localitieswhere they have been produced (Dewan and Tamang, 2007). 
Traditionally, fermented camel milk is allowed to ferment naturally without prior 
heat treatment and without addition of starter cultures (Dirar, 1993; Abdelgadir, et 
al., 1998 and Shori, 2012). Its final products have various names in different parts 
of the world. For example, in Sudan and Somalia it is known as ‘Gariss’ (sour), 
however, in Sudan it is also known as hameedh or humadah, which also means 
sour. It has substantial amounts of ethanol because of the acid alcohol that is 
produced during milk fermentation (Dirar, 1993). 
2.6.1. Shubat  
Shubat is a special fermented product, prepared fromunheated two-humped 
(Camelus bactrianus) camel milk through indigenousfermentation process. It is 
home-made fermented camel milk by a semi-continuous or fed-batch fermentation 
process, whenever part of theproduct is withdrawn for consumption, a portion of 
rawcamel milk is added to make up volume and this process ofretrieval and 
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replacement of milk continues for months (Shori, 2012). Although it is more or 
less similar toyoghurt in appearance, there are important differencesbetween these 
two products since shubat is liquid ratherthan creamy, sparking due to its CO2 
production and has ahigh degree of sourness; pH 3.8 (Rahman et al., 2009). The 
spontaneous fermentation of unheated milk takesadvantage of natural microflora 
inherent in milk andenvironmental contaminants (Zamfir et al., 2006).  
2.6.2. Suusac 
Suusac is fermented camel milk widely consumed by the pastoralist 
communities living in Kenya and Somalia. It is prepared by fermenting fresh camel 
milk in a pre-smoked gourd naturally at ambient temperature (26 - 29°C) for 1 - 2 
days (Lore, et al., 2005). It is traditionally prepared by spontaneous fermentation 
of unheated milk in smoke-treated gourds. The product is a white, low-viscosity 
product with a distinct smoky flavour and astringent taste (Farah et al., 1990). 
Spontaneous fermentation of unheated milk takes advantage of the action of 
naturally occurring mixed microflora inherent in the milk (Sanders, 1991 and 
Shori, 2012).  
2.6.3 Gariss 
2.6.3.1 Gariss technology 
Gariss is a special kind of full cream fermented camel milk in Sudan. It is 
made by a semi-continuous or fed-batch fermentation, whenever fresh camel milk 
is added to the Siin part of the fermented product has been consumed. It’s widely 
consumed by the pastoralist communities living in the arid and semi-arid regions 
of the country (Dirar, 1993). 
The method of Gariss preparation was described by Dirar (1993; Abdelgadir 
et al. (1998); Ahmed et al. (2010); Ashmaig et al. (2009); Elayan et al. (2008); 
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Hassan et al. (2008); El Zubeir and Ibrahium (2009). Gariss differs from other 
kinds of Sudanese fermented camel milks in that it has substantial amounts of 
ethanol (Dirar, 1993). The product thus is a member of acidic alcoholic fermented 
milks, which include kefir, kumiss and bukhsa of central Asia (Kosikowski, 1982).  
Gariss is fermented in large skin bag(“Si’in”) which contains large quantity 
of previously sour product, while in the absence of starterfrom previous lot, 
fermentation is initiated by adding to the container a few seeds of Black Cumin 
(Nigellasativa) and one onion bulb (Dirar, 1993 and Ahmed et al., 2010). Two 
large skin bags with fermented milk are hung on to the saddle of specialcamel 
called the Gariss camel (Mirghani, 1994).Fermentation of Gariss takes place while 
the camels are on the move and due to the inherent jerk in thecamel’s walk; the 
milk in the bags is gently shaken during fermentation (Mirghani, 1994). Mohamed 
and Larsson (1990) observed that camel milk failed to form gel like structure after 
18 hours incubation with lactic acid culture. Farah et al. (1990) studied the 
preparation and consumers’ acceptability tests of fermented camel milk (Sausac). 
They found that the consistency of fermented milk (under laboratory conditions) 
was thin and a precipitate in the form of flakes was formed rather than a coagulum 
after fermentation. These reports clearly show the difficulty of producing 
fermented camel milk products with high consistency due to the problem 
associated with milk coagulation (Ahmed et al., 2010; Ashmaig et al., 2009; 
Elayan et al., 2008; Hassan et al., 2008; El Zubeir and Ibrahium, 2009; and Abdel 
Rahman et al., 2009). The consumption style is by withdrawing and replacement, 
i.e. if a quantity of fermented milk (Gariss) was consumed the same quantity will 
be replaced with fresh camel milk and this process continues for months 
(Abdelgadir et al., 1998; and Dirar, 1993 and Mirghani, 1994). 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
11 
 
2.6.3.2 Gariss additives 
Food additives are incorporated into the raw milk and it becomes main 
characteristics of the drinks milk and other dairy products (Spreer, 1998). These 
additives become part of the food, in order to provide some very specific and 
precisely defined sensory characteristics such as taste, appearance, consistency, or 
shelf life (Nakazawa and Hosono, 1992; Gilliland, 1998; and Spreer, 1998; and 
Shori, 2012). 
The effects of additives on the growth of lactic acid starter and probiotic 
bacteria have not been extensively studied (Samona and Robinson, 1993; Gomes et 
al., 1998; Rada and Dlabal, 1998; Vachon and Ustunol, 1998; Dirar, 1993; 
Vinderola et al., 2002; and Ahmed et al., 2010). Beyond the additives used in the 
dairy industry, its uses can significantly influence the growth and cell viability of 
lactic acid starter and probiotic cultures used for fermented products. However, 
some products of the lactic acid starter metabolism (diacetyl, acetaldehyde, and 
lactic acid) could be associated with the loss of viability of added probiotic bacteria 
(Post, 1996 and Vinderola et al., 2002).  
El Zubeir et al. (2005) recommended the processing of Sudanese fermented 
milk (mish), using spices like black cumin, fenugreek, garlic and other known 
spices, since those spices were proved to have significant effect as preservative.  
2.6.3.2.1 Ginger (Zingiber officinale) 
Ginger (Zingiber officinale) is a spice believed to be indigenous to south east 
Asia, from where it has spread to other tropical regions of the world (Wiley, 1974). 
The economic importance of ginger centers on its use in the preparation of 
medicines. Ginger is used in food, beverages and confectionary (Rodriquez, 1971). 
It used in form of three primary products: fresh (i.e. in its green state), preserved 
and dry ginger. Originally added to change or improve taste, spices and herbs such 
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as ginger can also enhance shelf-life because of their antimicrobial nature. Some of 
these substances are also known to contribute to the self-defense of plants against 
infectious organisms (Adesokan et al., 2010). 
Ginger rhizomes contain proteases, the activity of which has pH optima 
between 5.0 and 5.6, it is used for milk clotting in cheese making, the activity of 
ginger protease is significantly improved by Mg2+, Ca2+, and Fe2+ (Chen., 2004; 
Hou et al., 2009). Ginger proteases are used as milk coagulants in making a 
chinese traditional milk product (Jiangzhinai or Jiangzhuangnai) (Hashim et al., 
2011). However, there is little literature available on milk clotting activity of 
ginger proteases (Su et al., 2009). 
2. 6. 3.2.2 Galangal (galanga, blue ginger) 
 Is a rhizome of plants of the genus Alpinia or Kaempferia in the ginger 
family Zingiberaceae, with culinary and medicinal uses galangal has a citrusy, 
piney, earthy aroma; its flavor is a complement to its relative ginger, but galangal 
has little of the peppery heat that raw ginger has. It is available as a whole rhizome, 
cut or powdered. It is known to possess antimicrobial, antioxidant, antifungal, anti-
cancer, and gastro protective activities (Oonmetta-aree et al., 2006). Spices and 
their essential oils have been widely used as natural food preservatives to make the 
processed foodstuff safe for consumers. Galangal has characteristic fragrance as 
well as pungency; hence, its rhizomes are widely used as a condiment for foods in 
Thailand (Yang and Eilerman, 1999). It has been shown that essential oils from 
both fresh and dried rhizomes of galangal have antimicrobial activities against 
bacteria, fungi, yeast and parasite (Farnsworth and Bunyapraphatsara, 1992). 
Galangal extract had the greatest inhibitory effect against S. aureus. Some Gram-
positive bacteria and yeast were susceptible to the extract, especially 
staphylococcal species (Oonmetta-aree et al., 2006). 
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2.6.3.2.3 Black Cumin (Nigella sativa) 
It is a flowering plant in the family Apiaceae, native from the east 
Mediterranean to East India (Ramadan, 2007). Cumin seeds are used as popular 
aromatic herbs and culinary spices. The seeds have a warm bitterish taste and a 
strong aromatic smell. Cumin seeds are used in curry powder or spice mixes in 
India (Sultan et al., 2009). Moreover, it is good source of nutritionally essential 
components (Black et al., 2006). Also it is used in food preparations as a flavoring 
agent and pickles (Thippeswamy and Naidu, 2005). Extensive studies were 
conducted on the properties of the essential oil of black cumin and thymoquinone 
on antioxidant activity (Burits and Bucar, 2000) and antimicrobial activity (Morsi, 
2000). Moreover, El-Jassir (1992) reported that black cumin seeds are found to be 
acceptable in mish without any health hazards associated with their consumption. 
2.6.3.2.4 Fenugreek (Trigonella foenum-graecum) 
Trigonella foenum-graecum is a plant in the family Fabaceae. T. foenum-
graecum is used both as herb (the leaves) and as a spice; the seed (Elnasri and 
Eltinay, 2007). It has historically been utilized mainly as whole seed; it is a 
potential protein source with high nutritive value, it is an annual herb belonging to 
the legume family. It is widely grown in India, Egypt, and Middle Eastern 
countries (Flammang et al., 2004). The seeds are used as a cheap source of good 
quality protein. It has been used in milk and milk products as stated by El Zubeir 
et al. (2005).  
Bhatti et al. (1996) found that T. foenum-graecum seed possess anti bacterial 
effect. Methanolic extract obtained from defatted T. foenum-graecum seed powder 
led to the isolation of a new component showing inhibitory action against the 
growth of microorganisms such as Escherichia coli, Bacillus subtilis, 
Pseudomonas aeruginosa and Staphylococcus aureus (Meshram et al., 2009).  
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2. 6. 3.2.5 Onions 
The onion (Allium cepa) is also used as the bulb onion. The Onion as a 
natural food preservative is quite a popular preservative additive. It contains 
antioxidant and antimicrobial properties, which is the main reason for onion being 
one of the best natural food preservative alternatives to artificial food preservatives 
(Fritsch and Friesen, 2002). 
2.7 Quality of camel milk and Gariss 
2.7.1 Chemical composition of Gariss  
The gross chemical composition of the fermented camel milk can vary 
considerably and the varieties in chemical composition of camel milk attributed to 
many factors based on the physiological and environmental conditions such as the 
species of camel, age, health condition, differences in genotypes, seasonal 
conditions (wet or dry) and parity of camel’s (Zeleke, 2007). Other factors include 
ecological localities for camels, the water availability and availability of the green 
fodder (Farah, 1996 and Bakheit, 1999) as well as fermentation period and stage of 
lactation (Zamfir et al., 2006; Dewan and Tamang, 2007). 
The chemical composition such as total solids content of Gariss ranged from 
10–11% (Hassan et al., 2008; El Zubeir and Ibrahium, 2009), which was within the 
range of total solids content of fresh camel milk (7.8–12%) stated by Grigoryants 
(1954); Saitmuratova and Sulaimanova (2001); and Khaskheli et al. (2005). The 
Gariss contained fat of around 2.8–5% (Hassan et al., 2008; El Zubeir and 
Ibrahium, 2009) which were found within range of fat percent in fresh camel milk 
1.80–5.00% (Grigoryants, 1954; Saitmuratova and Sulaimanova, 2001; Khaskheli 
et al., (2005). However, both protein and ash contents in Gariss were 2.3 to 3.4% 
and 0.51–1.3%, respectively. Moreover, the range of pH in Gariss was 3.6–5.9 
(Sulieman et al., 2007; Abdelgadir et al., 2008; Hassan et al., 2008 and Ahmed et 
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al., 2010) and the acidity as lactic acid ranged from 2.2–2.3% (Hassan et al., 
2008). 
The chemical composition of fermented camel’s milk (Gariss) from Butana 
and the northern Kordofan were; 1.4–1.35% lactose, 2.15–2.9% fat, 3.4–3.85% 
protein, 0.75–0.8% ash, 91.7–92.65% moisture, 1.3–1.4% ethanol and 0.13–0.20% 
volatile fatty acids (Mirghani, 1994). Also he found 1.0–1.8% lactic acid and the 
pH value of 3.25–3.40. Moreover, the yoghurt made from camel milk by Ahmed et 
al. (2011) showed that the pH was about 5.73±0.04, furthermore, they found 
5.78%±0.02, 2.90%±0.01, 0.71% ±0.01, 87.71%±0.02, 12.20%±0.02, for fat, 
protein, ash, moisture and total solids contents, respectively. 
2.7.2 Microbiology of Gariss  
The microbiological quality of milk and milk productsis influenced by the 
initial flora of raw milk (RictherandVedamuthu, 2001). When the raw milk is 
contaminated, various contaminants cannot be eliminated during fermentation 
(Ahmed, et al., 2010). The influence of the addition of spices on the 
microbiological characteristics of the finished product and the influence of using a 
cloth to hold the spices added on the microbiological quality of fermented milk 
have great impacts on the quality of Gariss (Ahmed et al., 2010). Moreover, the 
types of containers used, as well as the environmental conditions, contribute to the 
gradual selection of specific microorganisms that responsible for the fermentation 
process (Dirar, 1993). The traditional containers are increasingly being replaced 
with commercially available ones, especially plastic containers (Ahmed et al., 
2010). 
The studies found that the mean log of the total bacterial counts in Gariss 
ranging from 7.3 to 8.7 cfu/ml (Hassan et al., 2008 and Abdelgadir et al., 2008). 
However, the range log of the Streptococcus spp. and Lactobacilli spp. counts were 
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7.3–8.4 and 7.8–8.7 cfu/mL respectively (Abdelgadir et al., 2008). Study by 
Hassan et al. (2008) recorded lower Streptococcus spp. and Lactobacilli spp. 
counts (6.5–6.9 and 6.6– 6.8 cfu/ml, respectively). The log of the aerobic 
mesophilic  bacteria counts were in range of 7.11– 8.36 cfu/ml, while, the range 
log of yeast counts in Gariss were 6.05–8.42 cfu/ml (Abdelgadir et al., 2008; 
Hassan et al., 2008 and Sulieman et al., 2007). No growth of coliform bacteria in 
Gariss was observed (Hassan et al., 2008). However, Sulieman et al. (2007) found 
that the range for the log of coliform present in Gariss was 3.2–3.5 cfu/ml.  
Sulieman et al. (2006) characterized the LAB flora in Gariss and found that 
Lactobacillus paracasei subsp. paracasei was the dominant LAB with 
Lactobacillus fermentum, Lactobacillus plantarum, Lactococcus lactis, 
Enterococcus spp. and Leuconostoc spp. However, Abdelgadir et al. (2008) found 
that Streptococcus infantarius subsp. infantarius and L. fermentum were the 
dominant LAB of Gariss. Hassan et al. (2008) showed that the Streptococcus spp. 
isolated from Gariss was identified as 50% Streptococcus lactis and 50% Strep. 
lactis subsp. diacetylactis and, as well isolated Lactobacillus spp. were identified 
as Lactobacillus planturum (33.3%), Lactobacillus casei (16.7%), Lactobacillus 
brevis (16.7%), Lactobacillus leichmanii (16.7%), Lactobacillus fermentum 
(12.5%) and Lactobacillus acidophilus (4.16%). Conversely, Ashmaig et al. (2009) 
reported that Lactobacillus spp. were isolated as 66.7% which was identified as L. 
plantarum, Lactobacillus animalis, Lactobacillus brevis, Lactobacillus divergens, 
Lactobacillus rhamnosus, Lactobacillus gasseri, L. paracasei, L. fermentum, 
Lactobacillus alimentarium and Lactobacillus spp.; while, 33.3% were 
Lactococcus spp. 
The evaluation of the LAB isolated from Gariss samples revealed the 
predominance of Lactobacillus spp.; which formed 66.7%, while the remaining 
33.3% were Lactococcus spp. Within the Lactobacillus spp., wide diversity of 
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strains were identified such as Lactobacillus plantarum, L. animalis, L. brevis, 
Lactobacillus divergens, L. rhamnosus, L. gasseri, L. paracasei, L. fermentum, and 
L. alimentarium. These results confirm the predominance of LAB in traditionally 
fermented camel´s milk, as reported by other researchers (Sulieman et al., 2006; 
Omar et al., 2007). 
Two groups of yeasts in Gariss have been identified by Abdelgadir et al. 
(2008) as Kluyveromyces marxianus and Issatchenkia orientalis. Accordingly, they 
reported that the presence of K. marxianus and I. orientalis constituted the 
dominant of yeast flora of Gariss. The mean log reported to range from 33- 88 and 
12- 67 cfu/ml respectively, and the high number may indicate that it may play an 
important role during camel milk fermentation. 
2. 7.2.1 Lactic acid bacteria (LAB) 
The lactic acid bacteria are a group of Gram positive, catalase negative, 
fermentative organisms that produce large amounts of lactic acid. They include 
members of the genera Lactobacillus, Streptococcus, Leuconostoc and 
Pediococcus. Owing to their wide spread distribution, their microaerophilic nature, 
and their ability to grow at low temperatures and at low pH. The LAB are different 
from one region to another,  in regions with cold temperature climate contained 
mesophilic bacteria such as Lactococcus and Leuconostoc spp., whilst thermophilic 
bacteria, which include mostly Lactobacillus and Streptococcus, prevailed in 
regions with a hot, subtropical or tropical climate (Thomas, 1985; Tamine and 
Robinson, 1988; Kurmann, 1994). 
 Lactic acid bacterial (LAB) have a long history of safe use in fermented 
foods. Today, LAB still play an essential role in the majority of food fermentations 
and one of the most important contributions of these microorganisms is the 
extended shelf life of fermented products (Weinberg et al., 2007). Lactic acid 
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bacteria (LAB) are one of the microorganisms that dominate fermented food 
(Guasch-Jané et al., 2005; Robert, 2008). However, they also have beneficial 
influence on nutritional and sensory characteristics as well as on the 
standardization of end products (De vuyst and Leroy, 2007 and Olaoye and 
Onilude, 2008). Today, LAB is of essential importance for their role in most 
industries of fermented foods as starter cultures. Various metabolic and enzymatic 
activities of LAB lead to production of volatile substances, they also contribute for 
improvement of the taste, aroma, texture and viscosity in the manufacture of dairy 
products (Soukoulis et al., 2007; Kleerebezemab et al., 2000). Certain LAB strain 
characterized by their ability to transform lactose and improves the digestibility of 
fermented dairy products (Weinberg et al., 2007) as well as their preservation 
(Abdelbasset and Djamila, 2008). The ability of LAB to produce probiotics 
(Temmerman et al., 2002) and stimulation of the immune system (Kalliomäki et 
al., 2001) render this group of microorganism’s essential importance for dairy 
industry.  
The beneficial microorganisms of camel’s milk represented by LAB could 
be a potential source of biological materials to be used in dairy technology. 
Therefore, they should be more exploited to obtain new functional ingredients and 
natural food components and more efforts should be exerted towards their 
functional properties and genetic analysis (Ashmaig et al., 2009).  
2.7.2.1.1 Lactobacillus spp. 
The Lactobacillus genus consists of a genetically and physiologically 
diverse group of rod-shaped lactic acid bacteria. The genus can be divided into 
three groups based on fermentation end products, Lactobacillus paracasei subsp. 
paracasei, Lactobacillus fermentum, Lactobacillus plantarum, Lactobacillus 
bulgaricus, Lactobacillus acidophilus (Robinson, 1981). Species in each of these 
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groups can be found in dairy starter cultures. It is Gram-positive rods often 
coryneform; chain formation is common; typically non-motile and non spore 
formers. Not acid-fast. Microaerophilic or facultative anaerobic. Catalase reaction 
is negative. Complex growth requirements; grow best at about pH 6.0. Attack 
sugars fermentatively (Robinson and Tamime, 1990). 
Lactobacilli are the most acid tolerant of the lactic acid bacteria, preferring 
to initiate growth at acidic pH 5.5–6.2 and lowering the pH of milk to below 4.0. 
Lactobacilli are slow to grow in milk in pure culture. For this reason, they are 
generally used in combination with Strep. thermophilus (Robinson and Tamime, 
1990).  
2.7.2.2 Streptococcus spp.  
The only Streptococcus spp. useful in dairy fermentation is Strep. 
thermophilus. Strep. thermophilus is differentiated from other streptococci (and 
lactococci) by its heat resistance, ability to grow at 52°C, and ability to ferment 
only a limited number of carbohydrates (Axelsson, 1993). Most dairy products 
subjected to high temperatures during fermentation (40°C) are acidified by the 
combined growth of Strep. thermophilus and Lactobacillus spp., Strep. 
thermophilus has limited proteolytic  ability, although it possesses many types of 
proteolytic enzymes. Gram- positive cocci; non-motile (rare exceptions). Aerobic, 
facultatively anaerobic. Catalase-negative; oxidase negative. Carbohydrates 
fermented; gas not produced. Nitrates not reduced. Indole and H2S not produced. 
The lactic streptococci now transferred to the new genus Lactococcus (Schleifer et 
al., 1985). 
2.7.4 Yeast 
Yeasts grow well during the manufacture and ripening of fermented dairy 
products due to their tolerance to low pH, low water activity, and high salt 
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concentrations (Fleet, 1990). Such growth can have negative effects, contributing 
to food spoilage and even allergenic reactions and food poisoning in consumers 
(Pitt and Hocking, 1997). At the same time, yeast growth can be essential to the 
development of the typical texture and aroma profiles of certain fermented milk 
products, the outcome of their strong proteolytic and lipolytic activity (Jakobsen 
and Narvhus, 1996 and Spinnler et al., 2001). In fact, yeasts are thought to be 
essential in the production of kefir, koumis, viili and longfil, and in cheeses of the 
Brie, Camembert and blue-veined varieties (Cantor et al., 2004; Roostita and Fleet, 
1996 and Wouters et al., 2002). The presence of yeasts indicates that they are able 
to proliferate during milk fermentation (Pereira-Dias et al., 2000; Suzzi et al., 2003 
and Romano et al., 2001) and positively interact with LAB (Gadaga et al., 2001; 
Narvhus and Gadaga, 2003). This implies that yeasts play either potentially 
beneficial or detrimental role to both the quality and safety of these milks 
(Jespersen, 2003; Gadaga et al., 2001; Lopandic et al., 2006; Pereira-Dias et al., 
2000 and Suzzi et al., 2003). Moreover,  it have been important as part of the 
starter cultures for development of sensory properties in milk products such as 
kefir or koumiss (Fleet, 2006 and Narvhus and Gadaga, 2003) and many types of 
cheeses (Lopandic et al., 2006). Some yeasts and yeast /LAB combinations 
resulted in fermented milks with good appearance and a pleasant flavour, although 
some others give rise to easily detectable defects; excessive gas, unpleasant odors, 
off-flavours (Álvarez-Martín et al., 2008) 
2.7.3 Coliform bacteria 
Coliform bacteria are a group of bacteria including the genera Escherichia, 
Klebsiella, Enterobacter, Serratia, and Citrobacter (collectively called the 
coliform bacilli) (IDF, 1994). They are a commonly used bacterial indicator of 
sanitary quality of foods and water. These family are twenty genera related to the 
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Enterobacteriacae according to the Bergey`s manual of systematic bacteriology. 
The members of this family are rod shaped bacteria, motile, or non motile; growing 
on media containing bile salts and produce acid from lactose (Robinson and 
Tamime, 1990). They include all sorts of entirely different bacteria depending on 
the medium and incubation conditions and the criteria used for reading results. 
They ferment the glucose rapidly with or without gas production (Robinson and 
Tamime, 1990). 
The presence of this organism in food is of considerable public health 
significance, as the occurrence indicates faecal contamination (Robinson and 
Tamime, 1990). Although coliforms are often used as indicators of fecal 
contamination, some strains commonly exist in the environment, and may enter the 
milk supply as a consequence of milking solid cows or their dropping into 
equipment during milking (Murphy and Boor, 2003). Moreover, its presence in 
milk and milk products is an indication of unsanitary production and or improper 
handling of either milk or milk utensils (El Zubeir and Ahmed, 2007). Milking 
udder with subclinical mastitis and wet environment lead to contamination of bulk 
tank milk and hence raw milk reaches the consumers with elevated coliform count 
(FAO, 2008; Zadoks et al., 2007; and Kagkli et al., 2006). 
2.7.3.1 Escherichia 
 Escherichia coli (E. coli) is the most commonly isolated organism in the 
clinical laboratory (Baron, 1996). E. coli strains are commonly associated with the 
normal facultative anaerobic microflora of the intestinal tracts of humans and 
animals as quoted by Greyling (1998). In general, E. coli is rapidly inactivated by 
lactic fermentation; a study showed that rapid inactivation of E. coli occurred in 4 
days at 7.2 °C when it was added to yoghurt samples (ICMSF, 2002). The species 
includes a wide range of biochemical varieties, from the 'typical' motile, aerogenic, 
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lactose-fermenting strains to the much less reactive and frequently non-motile 
strains that closely resemble Shigella. Gram-negative rods; often motile. aerobic 
and facultatively anaerobic. Catalase-positive; oxidase negative. Attack sugars 
fermentatively; gas normally produced. Usually citrate-negative (Robinson and 
Tamime, 1990). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
MATERIAL AND METHODS 
3.1 Sources of data 
3.1.1 Collection of data 
The study includes a questionnaire to assess the manufacture of local 
fermented camel milk (Gariss), traditional preserving methods, the container used 
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for processing, the way of processing where its continues or fed batch, the 
additives used and the way of addition. Moreover, some question about the shelf 
life and the defects and spoilage observed were also answered (Appendix No. 1). 
3.1.2 Area of study and target groups 
AlGadarif State, which is located in the eastern of Sudan is the area selected 
to perform this study. It has borders with Sennar, Algazira, Kassala, Khartoum and 
Blue Nile States. It has also borders with Ethiopia. The study was conducted in the 
localities that include Fashaga and part of Butana area called Alsobag (Appendix 
2). The camel herders chosen for this study belong to the Elhlaween tribes who 
stay in Butana plains during the rainy season (May to October) in to the northern 
part of AlGadarif State and towards the southern part of the state from November-
April to take maximum advantage of the natural grazing and water sources. 
Nomadic livestock owners who used to find ample dry season resources (water + 
grazing) in Atbra valley now traverse the area and take their animals across the 
border with Ethiopia. In most cases in the dry season nomads buy the crop residues 
remained from irrigated schemes after the harvest. 
3.1.3 Collection of samples 
19 Samples of Gariss were collected from the two different sites. Each 
Gariss sample for chemical analysis was transferred to (approximately 50 ml) and 
the samples for microbiological analysis were collected into sterile McCarteny 
bottles (10 ml). The samples from Alsobag and Elfashaga were collected over a 
period of 1-2 days and kept at 4 °C until being brought to Khartoum in an ice bag. 
The pH of each sample was measured at field whereas the microbiological and 
chemical analyses were performed at laboratory in Department of Dairy 
Production, Faculty of Animal Production,  University of Khartoum. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
24 
 
3.2 Analysis of the samples 
3.2.1 Chemical analysis 
3.2.1.1 Titratable acidity 
Titratable acidity was determined according to AOAC (1990a). Ten ml of 
milk were placed in a conical flask and 1 ml of phenolphthalein indicator was 
added. The sample was titrated against NaOH (0.01) till a faint color lasted for at 
least 30 seconds was obtained. The titration figure was divided by 10 to get the 
titratable acidity (expressed as lactic acid percent).  
3.2.1.2 pH 
The pH of the samples was determined using pH meter (pH HANNA 
Instruments pH 211 Microprocessor pH Meter) according to Bradely et al. (1992). 
3.2.1.3 Determination of total solid content 
The total solids content of samples were determined according to the 
modified method of AOAC (1990b). 
Two ml of Gariss sample were placed in a clean dried flat bottomed 
aluminum dish. The dishes were heated on a water bath for 10-15 minutes then the 
dishes were transferred to an air oven for 12 hours at 250°C. The dishes were 
placed into a desiccator to cool and then weighted, cooling and weighting were 
repeated several times until the difference between two successive weighting was 
less than 0.5 mg. The total solids content was then calculated as follows: 
Total solids (%) = ×100 
Where: 
W1: weight of sample after drying. 
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W0: weight of sample before drying. 
3.2.1.4 Determination of ash content 
The ash content was determined according to AOAC (1990c). Two ml of 
Gariss samples were weighted into a suitable clean dry crucible and evaporated to 
dryness on a steam bath. The crucibles were placed in a muffle furnace at 550°C 
for 1.5-2 hours, cooled in a desicator and weighted. The ash content was then 
calculated as follows: 
Ash %= ×100 
Where: 
W1=weight of ash. 
W2=weight of sample. 
3. 2.1.5 Determination of fat content 
Fat content was determined by Gerber method described by Bradley et al., 
(1992). Ten ml of sulfuric acid (density 1.815 mg/ ml at 20º C) were poured into 
clean dry Gerber tubes, then 10.9 ml of Gariss were added, followed by the 
addition of 1 ml amyl alcohol and 5 ml distilled water at 20 °C. The content of the 
tube were thoroughly mixed till no white particles were seen. The tubes were then 
centrifuged at 1100 revolution per minutes (rpm) for 5 minutes. The tubes were 
transferred to a water bath at 65° C for 3 minutes, after which the fat content was 
read out directly.  
3.2.1.6 Determination of protein content 
The protein content was determined by Kjeldahl method according to 
AOAC (1990d). In a Kjeldahl flasks, 10 ml Gariss sample were placed followed by 
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addition of catalyst tablets (each tablet contained 1 gm Na2So4 and the equivalent 
of 0.1 mg Hg). Twenty five milliliters of concentrated sulfuric acid (density 1.86 
gm\ ml at 20° C) were added to the flask and the mixture was then digested on a 
digestion heater until a clear solution was obtained (3 hours). The flasks were then 
removed and left to cool. The digested samples were poured in volumetric flasks 
(100 ml) and diluted to 100 ml with distilled water. Five milliliters were taken and 
neutralized using 10 ml of 40 % NaOH. The distillate was received in a conical 
flask containing 25 ml of 2 % boric acid and 3 drops of indicator 0.1 (bromocresol 
green + methyl red). The distillation was continued until the volume in the flask 
was 75 ml. The flasks were then removed from the distillator and the distillates 
were titrated against HCl (0.1N) until the end point was obtained (red color). The 
protein content was calculated as follows: 
Nitrogen (%) =  
Protein (%) =Nitrogen (%) ×6.38 
 
Where: 
T: Titration figure. 
0.1: Normality of HCl. 
0.014: Atomic weight of nitrogen/1000. 
20: Dilution factor.   
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3.2.2 Microbial analysis 
 The samples were collected into clean sterile bottles and transported in ice 
bag; the analysis was done within 48 hours. 
The collected samples were tested for standard plate count, coliform count, 
Lactobacillus spp. count, Streptococcus spp., and yeast count. Moreover, 
identification was done on the isolates from coliform, Lactobacillus spp. and 
Streptococcus spp. 
3.2.2.1 Culture medium 
All the media were obtained in dehydrated form and prepared according to 
manufacture instructions. 
3.2.2.1.1 Plate count agar medium  
The medium (Hi Media M091) was prepared according to manufacture 
instructions by suspending 23.5 grams of the powder in one liter of distilled water 
then it was boiled until dissolved completely and sterilized by autoclaving at 121ºC 
for 15 minutes.   
3.2.2.1.2 Eosin methylene blue agar (EMB) 
The medium (Conda Cat no. 1039), was prepared by suspending 36 grams in 
one liter of distilled water, it was boiled until dissolved completely and sterilized 
by autoclaving at 121ºC for 15 minutes according to manufacture instructions. It 
was used for isolation of Enterobacteriacae according to Harrigan and MacCance, 
(1976). 
3.2.2.1.3 MacConkeys agar 
The medium was used (Hi Media M081) for detection and enumeration of 
coliform bacteria according to Harrigan and MacCance, (1976). It was prepared by 
dissolving of 51.5 grams in one liter distilled water, then it was boiled until 
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dissolved completely and sterilized by autoclaving at 121ºC for 15 minutes 
according to manufacture instructions. 
3.2.2.1.4 Potatoes dextrose agar 
It was used for enumeration for yeasts and moulds (Harrigan and MacCance, 
1976). It was used according to according to manufacture instructions by 
suspending 39 grams in one of liter distilled water and it was boiled until dissolved 
completely, then it was sterilized by autoclaving at 121ºC for 15 minutes.  
3.2.2.1.5 Killiger iron agar 
The media (Hi Media 01-103) was prepared according to Barrow and 
Feltham (1993) by suspending 4.2 grams of powder in one liter of distilled water 
and then boiled until dissolved completely and sterilized by autoclaving at 121ºC 
for 15 minutes. 
3.2.2.1.6 Urease paste agar 
The urease media (Hi Media M 112) was prepared according to Barrow and 
Feltham (1993), by suspending 2.4 grams of the powder in one liter of distilled 
water and the pH was adjusted to 6.8 then boiled until dissolved completely and 
sterilized by autoclaving at 121ºC for 15 minutes. The pH was adjusted to 6.8. 
Then it was cooled to 50º C and aseptically 5 ml of sterile 4% urea solution were 
added and mixed well. The medium was then distributed (15- 18 ml amounts) into 
sterile test tubes and allowed to set into slope position. 
3.2.2.1.7 Hugh and Leifson (OF) medium 
The medium was prepared according to Barrow and Feltham (1993) by 
dissolving the solid (4.1 grams) in distilled water then it was boiled until dissolved 
completely. The medium was then distributed (15- 18 ml amounts) into test tubes 
and sterilized by autoclaving at 121ºC for 15 minutes.  
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3.2.2.1.8 Motility medium 
The medium was prepared according to Barrow and Feltham (1993) by 
using semi solid medium, the craigai tubes was used to detect the motile bacteria. 
Then boiled until dissolved completely and the medium was then distributed (10 
ml volume into test tubes and sterilized by autoclaving at 121ºC for 15 minutes. 
3.2.2.1.9  MRS broth 
MRS broth was used (Hi Media M369 modified 1000 ml). It was used for 
enumeration and isolation of Lactobacillus spp according to Harrigan and 
MacCance (1976). The medium was prepared according to manufacture 
instructions by suspending 55.15 grams in one liter of distilled water then boiled 
until dissolved completely, and it was then sterilized by autoclaving at 121 º C for 
15 minutes. 
3.2.2.1.10 M 17 broths 
The medium (Hi Media M929) was prepared according to manufacture 
instructions  by suspending 33.25 grams in 1000 ml distilled water, it was boiled 
until dissolved completely and sterilized by autoclaving at 121ºC for 15 minutes. It 
was used for isolation of Streptococcus spp. according to Harrigan and MacCance 
(1976 ).   
3.2.2.1.11 Koser citrate media  
The medium (Hi Media M069) was prepared according to Barrow and 
Feltham (1993) by dissolving 5.7 grams in one liter of distilled water then 
distributed into bottles and sterilized by autoclaving at 121ºC for 15 minutes. 
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3.2.2.1.12 Peptone water  
This medium (Hi Media M028) was prepared according to Barrow and 
Feltham (1993) by dissolving 15 grams in one liter of distilled water and 
distributed into test tubes and sterilized by autoclaving at 121°C for 15 minutes. 
3.2.2.1.13 Methyl red (MR) and Voges Proskaur (VP) test medium 
This medium was prepared according to Barrow and Feltham (1993) by 
using glucose phosphate medium, then distributed into test tubes and sterilized by 
autoclaving at 121°C for 15 minutes. 
3.2.2.1.14 Solution and reagents 
3.2.2.1.14 Hydrogen peroxide solution (BDH) 
Hydrogen peroxide (3% aqueous solution; 10% volumes) was prepared for 
catalase test. It was protected from light and stored in a cool place. Also it was kept 
in a brown bottle closed with a plastic screw-cap. This reagent was obtained from 
British Drug House Chemical (BDHC). 
3.2.2.1.15 Potassium hydroxide solution 
It was prepared by dissolving 40 grams of potassium hydroxide in 100 ml 
distilled water (Harrigan and MacCance, 1976). 
3.2.2.1.16 Methyl red solution 
Methyl red solution was prepared according to Barrow and Feltham (1993), 
0.04 gram from methyl red was dissolved in 40 ml ethanol, and 60 ml of distilled 
water. 
3.2.2.1.17 a -naphthol solution 
This was obtained from Hopkins and Williams Ltd. It was prepared as 5% a  
-naphthol in ethanol (Harrigan and MacCance, 1976). 
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3.2.2.1.18 Bromocresol purple 
It was obtained as powder from British Drug House, UK (BDH, UK) and it 
was prepared as 0.2 aqueous solution.  
3.2.2.1.19 Kovac`s reagent (Alpha chemical LR) 
It is an indicator that was used according to Barrow and Feltham (1993) for 
indole test. It composed of P-dimethyl aminobenzaldhyde (5 grams), Amyl alcohol 
(75 grams) and HCl (conc.)  
3.2.2.1.20 Liquid paraffin (Bells)  
It was used to cover the sugar media for anaerobic fermentation. It was 
sterilized in autoclave at 121°C for 15 minutes. 
3.2.2.1.21 Sterilization of equipments and media  
Glass wares such as petri dishes, test tubes, flasks and pipettes were 
sterilized by heating in an oven at 160°  C for 2 hours. Media, dilutions (distilled 
water), and tips were sterilized by autoclaving at 121° C for 15 minutes. The media 
were then cooled to 45°  C (Barrow and Feltham, 1993). 
3.2.2.1.22 Preparation of the samples 
After mixing and shaking, 1 ml of each Gariss sample was pipetted 
aseptically into 9 ml of sterile diluents and serial dilutions were prepared (10-1 – 10-
8) according to Harrigan and McCance (1976). Then one hundred µ l from ten-fold 
dilutions of the samples was inoculated first and the media were then poured into 
the petri dishes. 
3.2.2.2 Plating 
For each selected dilution, 1 ml was transferred into Petri dishes (duplicate) 
followed by addition of 18-20 ml melted, cooled medium (45
o 
C). It was mixed 
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thoroughly by rotating the dishes, firstly in one direction and then in the opposite 
direction. The dishes were inverted and incubated at 32±1° C for 48±3 hours.  
 3.2.2.3 Microbial counting 
Plates were counted promptly after the incubation period, and the plates 
containing 25-250 colony forming units (cfu) were selected and counted using a 
colony counter where:  
Colony forming units/gm (cfu/gm) = Total number of colonies in the dilution 
multiplied by the reciprocal of dilution (Houghtby et al., 1992). 
3.2.2.4 Subculture of the primary isolates 
3.2.2.4.1 From solids media to solids media 
 Part from a typical and well defined colony was picked with a sterile wire 
loop and streaked over fresh plate. Each organism was subculture on its selective 
medium. 
3.2.2.4.2 From solids media to liquid media 
 It was done by picking part of the colony by sterile needle loop and 
transferred into the liquid medium. 
3.2.2.4.3 Incubation of the cultures  
All inoculated solid and liquid media were incubated aerobically at 37°C for 
24- 48 hours. However, MR- VP medium were incubated at 37°C for 24 hours and 
sugars, Koser citrate, OF, and urea media were inoculated at 37°C for up to 7 days. 
3.2.2.4.3.1 Total bacterial count 
Total bacterial count per ml of the samples was determined according to 
Harrigan and McCance (1976) by plating suitable dilutions (10-3 - 10-5) in 
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duplicates and the plate count agar media were then poured. The plates were 
incubated at 32°C for 48 hours. 
3.2.2.4.3.2 Coliform count 
The coliform bacteria count was enumerated according to Harrigan and 
McCance (1976), the suitable dilutions (10-3-10-5) was plated in duplicate and the 
MacConkey agar was then added. The plates were incubated at 37°C for 48 hours.  
3.2.2.4.3.3 Lactobacillus spp. count 
Lactobacillus spp. count was determined by plating 1 ml from suitable 
dilutions (10-3-10-5) in duplicates on MRS agar, incubation was at 37°C for 48 
hours (Harrigan and McCance, 1976).  
3.2.2.4.3.4 Streptococcus spp. count 
The count of Streptococcus spp. was determined by plating 1 ml from 
suitable dilutions (10-3-10-5) in duplicates on M17 agar,  the incubation was at 32°C 
for 48 hours (Harrigan and McCance,1976).  
3.2.2.4.3.5 Yeast count 
The yeast count was determined according to Harrigan and McCance (1976), 
by plating 1 ml from suitable dilutions (10-3-10-5) in duplicates on potato dextrose 
agar. The plates were incubated at 25°C for up to 72 hours. 
3.2.2.4.3.6 Preliminary characterization of isolates 
All isolates were microscopically examined for Gram stain reaction, cell 
morphology and cellular arrangement. Catalase activity and production of CO2 
from glucose (Harrigan and MacCance, 1976) were also determined to identify the 
isolates at the genus level. 
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 3.2.2.4.3.7 Examination of the cultures 
 Culture on solid media were examined with naked eyes for growth and 
colonial morphology; whereas liquid media were examined for growth, change in 
color and accumulation of gases in sugar media (Barrow and Feltham, 1993). 
3.2.2.4.4 Purification of the isolates 
According to the method of Barrow and Feltham (1993), the predominant 
microorganisms from morphologically different colony types were selected from 
the medium. These isolates were purified by subculturing part of a well isolate into 
specific media, the subculturing was repeated until pure colony was obtained by 
testing it visually and by Gram`s stain. The culture was then kept at refrigerator 
until used. 
3.2.2.4.5 Identification of the isolates 
The identification of pure bacterial was done according to Harrigan and 
MacCance (1976) and Barrow and Feltham, (1993). 
3.2.2.4.6 Primary tests 
3.2.2.4.6.1 Gram’s stain 
This was done by Gram`s as described by Harrigan and MacCance (1976) as 
follows: 
Crystal violet was added to the smears on slides for one minute, followed by 
washing with distilled water. Lugol`s iodine was added for one minute, then 
removed by washing with distilled water. The slides were decolorized by alcohol 
for seconds and the residue was removed by distilled water. The slides were 
counter stain with bacteriological saffranin for 30- 60 seconds and washed with 
distilled water. The slides were then dried by filter paper and a drop of immersion 
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oil was added followed by examining under the microscope. Gram positive 
microorganisms appeared purple, while Gram positive one appeared pink.    
3.2.2.4.6.2 Catalase test  
 It was carried out according to Barrow and Feltham (1993). The colonies 
of organisms to be tested were put on sterile slides by sterile non metallic wire 
loop. A drop of 3% hydrogen peroxides (H2O2) was added to the colony and mixed 
well. Evolution of gas immediately or after 5 minutes indicates a positive reaction. 
3.2.2.4.6.3 Oxidation fermentation test 
 It was carried according to Barrow and Feltham (1993), duplicates test 
tubes of medium were inoculated by stabbing with straight wire loop. The medium 
in one tube was covered with a layer of melted soft paraffin (a depth of 1 cm). The 
tubes were then incubated at 37°C and examined daily for 14 days. The change of 
color in the open tube only indicates oxidative organisms and the change in both of 
them it indicates fermentative organisms. However, the negative test showed no 
change of color in both test tubes.  
3.2.2.4.6.4 Glucose test 
 The glucose media were inoculated with 24 hours growth of the 
organisms to be tested in broth sugar medium and the culture were examine daily 
for up to 7 days. The change in colour for yellow indicates a positive reaction. 
Gases were accumulated in the Durham`s tubes when produced. 
3.2.2.4.6.5 Motility test 
 The motility of a bacterium was carried out according to Barrow and 
Feltham (1993), it was tested by using craigai`s techniques in which the organism 
was inoculated into the central of craigaie`s tube. 
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3.2.2.4.6.6 The ability to grow at 15°C and 45°C 
 MRS and M17 media were used for examining the growth at low and high 
temperature. The organisms were streaked on the surface medium and incubated at 
15°C and 45°C for 2 days (Harrigan and MacCance, 1976). 
3.2.2.5 Confirmatory secondary tests for the isolated bacteria 
 The purified colonies of Lactobacillus spp. were subjected to the 
following secondary tests: 
3.2.2.5.1 Sugars fermentation 
 MRS broth media was used for studying sugars utilization by 
Lactobacillus spp., 375 ml of MRS broth were prepared and 4.05 ml of 
bromocresol purple solution (SD,S NO 80014) were added. The media and the 
bromocresol purple were then distributed into the test tubes (5 ml), after 
sterilization, 1-2 % of the sugar were added (rafffinose, arabinose, lactose, salicin, 
melibiose, melezitose, maltose and glucose). The organisms were then inoculated 
and incubated at 37°C for up to 7 days. Durham tube was included to indicate the 
gas production. For coliform bacteria, the same sugar was used (1-2 %) in peptone 
water (1.5 grams in 100 ml), distilled water was used and 0.004% of bromocresol 
purple was added. Decolorization of media indicates a positive utilization of the 
sugar by the tested microorganisms. 
3.2.2.5.2 Methyl red test 
 The test was done to identify coliform bacteria and Streptococcus spp. 
Glucose phosphate broth media was prepared and used, 5 ml of the media were 
inoculated with the tested colonies and two drops of methyl red solution were 
added to it and it was well shaken and examined. The red color indicates positive 
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result, while a yellow color was recorded as negative result (Harrigan and 
MacCance, 1976). 
3.2.2.5.3 Vogues Proskauer test 
 The test was done to identify coliform bacteria and Streptococcus spp. 
The same media was used for VP after used for MR test. Half ml of 5% a  naphthol 
solution and 16% potassium hydroxide were used. The media was then well shaked 
and sloped. They were examined after one hour, the appearance of red colour 
indicates positive results (Harrigan and MacCance, 1976). 
3.2.2.5.4 Indole test 
 To 48 hours culture in peptone water, 0.5 ml of Kovac`s reagent was 
added. It was well shaken and examined after one minute. Production of red ring 
indicates positive result (Harrigan and MacCance, 1976). 
3.2.2.5.5 Urease test 
 According to Harrigan and MacCance (1976), urease activity was shown 
by alkali production (ammonia) from urea splitting by test organism. Inoculums of 
the tested organisms were cultured on the surface urea agar slopes and incubated at 
37°C and examined daily for 7 days. A positive result was indicated by pink 
colour. 
3.2.2.5.6 Citrate utilization 
 Using a sterile wire loops, small inoculums of the tested organisms were 
picked and inoculated in Koser citrate media that was in chemically clear tubes 
then it was incubated at 37°C and examined daily for 7 days, if turbidity appeared 
it showed positive result (Harrigan and MacCance, 1976).  
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3.3 Statistcal analysis 
 The data were analyzed using completely randomized design. The 
significant differences between means were determined using Least Significant 
Different using statistix 8. 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER FOUR 
RESULTS 
4.1 Gariss processing methods and properties, spoilage occurrences and shelf 
life 
4.1.1 Processing method 
Most of the nomadic households interviewed in the study stated that camel 
milk consumed either fresh or fermented, but some of them preferred it fresh 
(40%). They mentioned that sometimes the camel milk may be mixed with milk 
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from other species (mainly sheep or goat) and this is used to make porridge or to 
be eaten with porridge, however most of them used it alone as fresh milk (70%). 
The survey results described the methods and steps of Gariss processing by the 
nomadic camel herders in AlGadarif. The results showed that the methods of 
preparing Gariss include the addition of fresh, full cream milk in specific 
containers. The processing is normally done under the continuous fermentation, 
incubation at the ambient temperature, which ranges from 32° C during the day to 
16° C at night during January (winter) and from 46° C during the day to 27° C at 
night during May-June (summer) using the previous fermented milk as starter 
culture and the milk are added daily at the morning after withdrew of the needed 
fermented milk. Then the additives that include Cumin seeds, Onion, Ginger, 
Fenugreek, and Grangal are added. Usually it is consumed either for drinking after 
addition of water and sugar, or it is used for preparing the porridge and meal. 
Figure 1 shows the types of containers and additives used by the nomadic camel 
herders in AlGadarif for Gariss processing. This results indicates that 10.5% of the 
nomadic camel herders used gourd (bukhsa) for preparing Gariss, 42.1% used 
plastic containers, and 42.1% used siin (goat skin), and only 5.3% of the nomadic 
camel herders used containers made from stainless steel container. On the other 
hand, the results of survey clearly demonstrated that the nomadic camel herders 
preferred using plastic containers and siin to prepare Gariss during the rainy season 
more than stainless steel. Whereas, when they are in dry season they preferred 
using bukhsa for preparing Gariss rather than plastic and siin containers. Figure 2 
demonstrates that there are different types of additives used for preparing Gariss; 
about 31.57% of households prepared Gariss without additives (plain), 21.05% of 
them used Black cumin seeds (Nigella sativa) and Onion (Allium cepa), 10.5% 
used Ginger (Zingiber officinale) and Cumin seed, the Onion and Fenugreek 
(Trigonella foenum-graecum) used by 15.9% of them, while 10.50% used Onion, 
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Ginger, and Fenugreek and Grangal (Alpinia galangal). Moreover, the methods of 
adding these spices are also varied. Some of them used the additives as powder in a 
piece of tied cloth and the rest adds it directly without grinding. 
4.1.2 Gariss spoilage 
 Data concerning spoilage occurrences are presented in Figure 3. The results 
of the survey indicates that different types of spoilage may occur, 26.31% of the 
households keeper’s observed deterioration in Gariss as it became too sour, and 
about 31.57% observed formation of flakes/curd particles. The ropiness defects 
represented about 5.26%, and 10.52%, observed whey separation (syneresis), 
whereas, about 21.05% reported there were no spoilage occurred.  
4.1.3 Shelf life of Gariss 
Data in Figure 4 showed that 31.57% of interviewed household keepers 
mentioned that the shelf life for the Gariss might extend to seven days, while 
26.31% of them recorded four days for shelf life. The rest shelf life proportions 
were 5.26%, 21.05%, and 10.25% for one day, 2 day and three days, respectively.  
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Figure 1: Percentage of nomadic camel herders using different types of 
containers in rainy and dry seasons in AlGadarif State 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
42 
 
 
 
 
 
Figure 2: Percentage of nomadic camel herders using varies types of additives 
in rainy and dry seasons in AlGadarif State 
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Figure 3: Types of spoilage of fermented camel milk (Gariss) observed by 
nomadic camel herders, AlGadarif State 
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Figure 4: Shelf life of fermented camel milk (Gariss) reported by nomadic 
camel herders, AlGadarif State 
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4.2 Chemical composition of Gariss samples collected during rainy and dry 
seasons from nomadic camel herders, AlGadarif State 
Table 1 shows the comparison of chemical composition of Gariss samples 
collected from nomadic camel herders in AlGadarif state during dry season in the 
locality of Elfashaga and the rainy season in the locality of Elsobag. The results 
indicated that there was significant differences (P< 0.05) in chemical composition 
between the Gariss collected during dry season and that collected during 
movement of nomadic camel herders. The mean values of total solids was 13.22%  
± 0.32 and the pH value was 4.52  ±0.20 for Gariss samples collected during dry 
season, and they were significantly (P< 0.05) higher compared to mean values of 
those collected during rainy season, which revealed value of 11.37% ± 0.16 and 
3.64± 0.1, respectively. Moreover, the mean values of fat (3.73% ±0.11), protein 
(4.88% ±0.14) and ash (0.93% ±0.05) during the rainy season were significantly 
(P< 0.05) higher when compared to the values of Gariss collected during dry 
season, the fat content (3.06% ±0.22), protein (3.97% ±0.27) and the ash content 
(0.82% ±0.10) . 
4.3 Chemical composition of Gariss as affected by types of containers and 
additives used by nomadic camel herders, AlGadarif 
Effects of types of containers and additives on chemical composition of 
Gariss are shown in Table 2. The result showed that the types of containers were 
significantly (P<0.05) affected the total solids content of Gariss. The highest total 
solids content (13.15± 0.54%) was found in Gariss prepared in bukhsa compared to 
that prepared in plastic (11.88± 0.27%), stainless steel containers (11.85± 0.76%) 
and siin (11.28± 0.27%). 
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Table 1: Chemical composition of Gariss samples collected from nomadic 
camel herders during dry and rainy season, AlGadarif State 
  
a, b: Mean values within the same row with different superscripts letters are 
significantly different at P<0.05. 
SE: Standard error 
 
 
 
 
 
 
 
 
Measurement
s 
 
Movement  SE Settlement  SE 
Mean
s  
Min  Max  Means  Min  Max 
Total solids 
(%) 
11.37 
b  
13.50 10.3
0   
0.16  13.22a 12.10     14.50 0.32 
Fat (%)  3.73 a 4.70 2.70      0.11 3.06 b 2.00      4.50 0.22 
Protein (%) 4.88a 6.38 3.70      0.14 3.97b  2.30     5.10 0.27 
Ash (%) 0.93a 1.70  0.30       
0.05 
0.82b  0.20    0.44 0.10 
pH 3.64 b 5.00 2.90      0.1 4.52 a 3.90     5.20 0 
.20 
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Moreover, the results also demonstrated that the types of additives had significant 
effect on total solids content. The total solids of Gariss prepared using Onion, 
Cumin, Fenugreek and Grangal (14.4%± 0.58) and Gariss with mixtures of Onion, 
Ginger and Cumin (13.15± 0.41%) were significantly higher (P< 0.05) when 
compared to the total solids content of Gariss prepared using other additives 
mixtures (10.85± 0.41% and 11.05 ±0.41% for Ginger+ Cumin and Cumin + 
Onion), or using no additives (11.39±0.23%). The lowest total solids content 
(10.85± 0.14%) was observed in Gariss prepared using additive mixture of 
Ginger+ Cumin (Table 2).  
The results showed that the type of containers had significant (P< 0.05) 
effect on fat content of Gariss. The fat content of Gariss prepared using stainless 
steel container (4.65± 0.34%) was significantly (P<0.05) higher when compared to 
that prepared using siin (3.71±0.12%) and plastic containers (3.65± 0.12%) and it 
was also significantly (P<0.05) higher compared to that prepared in bukhsa (2.35± 
0.24%). The fat content of Gariss prepare using additive mixture of Onion, Black 
Cumin, Fenugreek and Grangal (4.50± 0.34) was significantly higher (P<0.05) 
compared to that prepared using additive mixtures of Onion +Ginger +Cumin 
(2.35± 0.24%), Ginger+  Cumin (3.25± 0.24) and Onion+ Fenugreek (3.60± 
0.15%).  
Results in Table 2 also reflected that the type of containers had no 
significant (P>0.05) effect either on acidity or protein content of the Gariss. It was 
clear that the acidity of Gariss prepared using Cumin+ Onion (2.80± 0.62%) was 
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significantly (P<0.05) higher compared to Gariss prepared using other additives 
mixtures of Onion +Cumin +Fenugreek +Grangal (0.45± 0.37%), Onion +Ginger 
+Cumin (1.75± 0.26%); Onion+ Fenugreek (1.45± 0.17%) and Ginger+ Cumin 
(1.85±0.26%) or the Gariss prepared using no additives (1.59 ±0.15%). 
Furthermore, the results revealed that the types of additives had no significant 
(P<0.05) effect on the ash content. Whereas, the type of containers significantly 
(P<0.001) affect the ash content of Gariss. The ash content of Gariss prepared in 
siin (0.53± 0.09%) was significantly (P<0.05) lower compared to that prepared 
using stainless steel (1.18±0.25%), plastic (0.76±0.09%) and bukhsa (0.89±0.18%). 
In regards to type of containers, the lowest pH value (3.59± 0.16) was 
observed in Gariss prepared in plastic containers. On the other hand, the pH value 
of Gariss prepared using additive mixture of Onion +Ginger + Black cumin (4.55± 
.033%) was significantly (P<0.001) higher when compared to that of Gariss 
prepared using additive mixtures of Ginger+  Black cumin (3.52±0.33%) and 
Onion+ Fenugreek (3.59 ±0.21%). 
4.4 Microbial quality of Gariss samples collected from nomadic camel herders 
during rainy and dry seasons, Al Gadarif State 
Data in Table 3 shows the mean log counts of some microorganisms in 
Gariss samples obtained from nomadic camel herders in AlGadarif during rainy 
and dry seasons. The results showed that the mean log of total bacterial count 
(TBC) in the Gariss collected during rainy season by nomadic camel herders 
(7.32± 0.03) was significantly (P< 0.05) higher compared to that collected during 
dry season (6.92± 0.06). Whereas, the means log of Lactobacilli spp. count 
(7.06±0.30) and Streptococcus spp. count (7.13± 0.29) were significantly (P< 
0.001) higher in the Gariss collected during the rainy season compared to that 
estimated during dry season. However, there was no significant (P< 0.05) 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
49 
 
differences between the Gariss collected during dry or rainy season by nomadic 
camel herders for the log yeast counts (7.03± 0.23 and 6.92± 0.25, respectively) 
and the log coliform counts (7.28 ±0.17 and 7.17± 0.26, respectively). 
 
 
 
Table 2: Chemical composition of Gariss prepared in different containers and 
using various additives by nomadic camel herders, AlGadarif State 
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a, b, c, d: Mean values within the same column with different superscripts letters are 
significantly different at P<0.05. 
SE: Standard error 
 
 
 
 Total 
solids (%) 
Means± 
SE 
Fat (%) 
Means± 
SE 
  Ash 
(%) 
Means± 
SE 
pH 
Means± 
SE 
Protein 
(%) 
Means± SE  
Types of containers 
Bukhsa 13.15a 
±0.54 
 2.35 c 
±0.24 
0.89a±0.1
8 
4.55a±0.
31 
4.74 a±0.42 
Plastic 11.88b  ±  
0.27 
3.65b 
±0.12 
0.76a  
±0.09     
3.59 
b±0.16 
4.49a±0.21 
Siin 11.28c±   
0.27 
3.71 b 
±0.12 
0.53 
b±0.09 
3.87ab±0.
16 
4.79 a±0.21 
Stainless steel 11.85bc ± 
0.76     
4.65 a 
±0.34 
1.18 a 
±0.25 
3.95ab±0.
45 
5.40 a±0.59 
Additives 
Blank 11.39bc 
±0.23 
3.87 ab 
±0.14 
0.10a±0.5
7 
3.77ab 
±0.19 
4.94a±0.19 
Cumin + onion   11.05bc 
±0.41 
3.75 
abc±0.24 
0.99 a 
±0.99 
4.05ab ± 
0.33 
4.77a±0.33 
Ginger+ cumin   10.85 c± 
0.41 
3.25c ± 
0.24 
0.60b±1.4
0 
3.52b±0.
33 
4.47a ±0.33 
Onion+ fenugreek   11.93b±0.2
6 
3.60 bc± 
0.15 
0.70b±0.6
2 
3.59b 
±0.21 
4.70a±0.21 
Onion +Ginger + cumin   13.15 a 
±0.41 
2.35 d 
±0.24 
0.35c  
±0.99 
4.55a±0.
33 
4.74a ±0.33 
Onion +cumin+ 
fenugreek+ grangal  
14.4a 
±0.58 
4.5a±0.3
4 
0.28c±1.4
0 
4.05ab 
±0.47 
2.35a ±0.47 
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4.5 Variations of the microbial counts of Gariss as affected by the methods of 
processing  
The results in Table 4 indicated that the types of additives had significant 
(P< 0.001) effect on microorganisms. The mean log count of coliform bacteria in 
Gariss prepared using Ginger and Black cumin (6.91± 0.09) was significantly (P< 
0.05) lower when compared to that of Gariss prepared either plain (7.27±0.05) or 
with  additives mixtures of Onion+ Black cumin+ Fenugreek+ Grangal (7.26± 
0.07), Onion+ Ginger+ Black cumin (7.41± 0.09); Onion+ Fenugreek (7.21± 0.06) 
and Cumin+ Onion (7.35± 0.09). The mean log count of coliform bacteria in 
Gariss prepared in plastic containers (7.14± 0.04) was significantly (P< 0.001) 
lower compared to that of Gariss prepared in the bukhsa (7.40± 0.09), siin (7.32± 
0.04), and stainless steel (7.49± 0.12). The highest mean log of total bacterial count 
(7.40± 0.05) was observed in Gariss samples prepared using no additives (7.40 
±0.05). Whereas, the lowest means log of total bacterial count were found in Gariss 
samples prepared using additives mixtures of Onion+ Ginger+ Cumin (6.84± 0.08) 
and mixture of Ginger+ Cumin (6.94±0.12). On the other hand, the highest means 
log of total bacterial count (7.31± 0.04) estimated for Gariss samples prepared in 
plastic and for siin containers (7.30 ±0.04). However, the lowest mean log (6.94± 
0.08) was observed in Gariss samples prepared in bukhsa. Furthermore, the results 
in Table 4 revealed that the types of additives had no significant (P< 0.001) effect 
on log mean count of Lactobacillus spp. in Gariss samples. Whereas, the log 
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means counts of Lactobacillus spp. in Gariss samples prepare in bukhsa (7.48± 
0.13) was significantly (P< 0.05) higher compared to Gariss kept in other 
containers. The lowest mean log count of Lactobacillus spp. (6.45± 0.18) was 
found in Gariss samples prepared in stainless steel containers. Moreover, the  
 
 
Table 3: Microbial loads of Gariss samples collected from nomadic camel 
herders during rainy and dry seasons, AlGadarif State 
Parameters 
(Log CFU/ml 
)  
Movements   
SE 
Settlement  SE 
Means  Max Min  Means± S. d  Max Min  
TBC 7.32 a 7.51     6.95      0.02 6.92 b ±  
0.06      
6.99      6.81      0.05 
Streptococcus 
spp. 
7.13a 7.52   6.54         0.10 7.41b ± 0.21 7.52     6.91      0.10 
Lactobacillus 
spp. 
7.06a 7.52   6.51 0.03 7.45b ± 0.08      7.53 7.32     0.09 
Yeast  7.03a  7.42 6.53 0.03 6.92a  ± 0.25     7.30 6.60 0.08 
Coliform 7.28a 7.51 6.92        0.02 7.17a ± 0.26      7.50 6.89   0.07 
 
 
a, b: Mean values within the same row with different superscripts letters are 
significantly different at P<0.05. 
SE: Standard error of means 
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 results obviously showed that using additives for preparing Gariss significantly 
(P< 0.05) increased the number of Streptococcus spp. using additives mixture of 
Ginger+ Black cumin (7.36±0.18), Onion+ Fenugreek (7.16±0.08), Black cumin + 
Onion (7.17±0.13), Onion +Ginger + black cumin (7.51±0.13), black cumin 
+Fenugreek +Grangal+ Onion   (7.39±0.10) compared to Gariss samples prepared 
using no additives (6.97 ±0.07). On the other hand, the Gariss samples prepared in 
stainless steel containers had the lowest mean log count of Streptococcus spp. 
(6.45± 0.19), when compared to that of Gariss prepared in the other containers 
(P<0.05). Whereas the highest mean were found when the samples was prepared in 
bukhsa (7.36 ±0.13) and the mean log count of Gariss samples kept in plastic 
container and siin were 7.20 ±0.06 and 7.19 ±0.06, respectively. 
The results in Table 4 reflected that the types of containers had no 
significant (p< 0.05) effect on log yeast count. The types of additives significantly 
(p< 0.05) affected the log counts of yeast. The highest (p< 0.05) count was 
observed in Gariss samples prepared using no additives (7.22 ± 0.04). The log yeast 
count in Gariss prepared using additives mixtures of Onion+ Ginger+ Cumin  
(7.10±0.07), mixture of Cumin+ Fenugreek+ Grangal (7.03 ±0.06) and mixture of 
Onion+ Cumin (6.95±0.07) were significantly (p< 0.05 ) higher compared to that 
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of Gariss prepared using additive mixture of Ginger+ Black cumin (6.63 ±0.10) 
which had the lowest log count of yeast.  
4.6 Types and prevalence of bacteria isolated from Gariss samples collected 
from nomadic camel herders, AlGadarif State 
The results in appendix No.3 showed the primary and confirmatory tests 
used for the identification of the 15 presumptive isolates for Lactobacillus spp. 
from 9 samples. The results showed that the isolates from 9 samples identified 
were Lb. fermentum(26.67%), Lb. brevis(13.33%), Lb. plantarum (20%), Lb. 
acidophilus (20%), Lb. casei (13.33%), and Lb. delbrueckii(6.67%). Results 
concerning the identification tests of the 10 isolates (appendix No. 4) for 
Streptococcus spp. It was found that 80% were Strep. thermophilus and 20% Strep. 
lacti. . moreover, the result showed the tests used for identification of 10 isolates of 
coliform bacteria, the E. coli was the most common coliform represented about 
40%, Klebsiella (30%), and Enterobacter aerogenes (30%). 
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Table 4: Variations the microbial counts as affected by different methods of 
processing  
Variables  Coliform 
Log 
cfu/ml 
TBC 
Log 
cfu/ml 
Lactobacil
lus 
Log 
cfu/ml 
Streptococ
cus 
Log cfu/ml 
Yeast     
Log 
cfu/ml 
Additives 
Blank         7.27a±0.0
5 
7.40a 
±0.05  
6.94abc±0.0
7 
6.97b ±0.07 7.22a 
±0.04 
Ginger+  Cumin   6.91b±0.0
9 
6.94c±0.1
2    
7.51a±0.17 7.36a±0.18 6.63d±0.1
0 
Onion+ Fenugreek   7.21a± 
0.06 
7.20b±0.0
5 
7.05abc±0.0
8 
7.16ab±0.08 6.80cd±0.
05 
Cumin + Onion 7.35 a± 
0.09 
7.38ab±0.0
8 
7.09a±0.12 7.17ab±0.13 6.95bc±0.
07 
Ginger +Cumin +Onion  7.41a± 
0.09  
6.84c±0.0
8 
7.48 
ab±0.12 
7.51a±0.13 7.10ab±0.
07 
Cum +Fenugreek 
+Grangal+ onion    
7.26a± 
0.07 
7.30ab±0.0
7 
7.40 
a±0.10 
7.39a±0.10 7.03b±0.0
6 
Types of containers  
Bukhsa 7.40 a± 
0.09 
6.94b 
±0.08 
7.48a±0.13 7.36a ±0.13 7.10a 
±0.12 
Plastic 7.14b ± 
0.04 
7.31a 
±0.04 
7.12b±0.07 7.20a ±0.06 7.02a 
±0.06 
Siin 7.32 a± 
0.04 
7.30a 
±0.04 
7.17b±0.07 7.19 a 
±0.06 
6.95a 
±0.06 
Stainless steel 7.49a± 
0.12 
7.01ab 
±0.12 
6.54c±0.19   6.54b 
±0.18 
7.21a 
±0.16 
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a, b, c, d: Mean values within the same column with different superscripts letters are 
significantly different at P<0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5: The bacteria isolates from Gariss samples collected from nomadic 
camel herders, AlGadarif State 
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CHAPTER FIVE 
DISCUSSION 
The Gariss produced by the nomadic camel herders in AlGadarif State 
showed variations in the methods of processing, types of containers, the varies 
types of additives affect on the chemical composition of Gariss. The variations
might be due to the differences in the methods of preparation of camel’s milk 
No  Identified strain  No of isolates Frequency 
(%) 
Lactobacillus spp. 
1 L. fermentum 4 26.67 
2 L. brevis 2 13.33 
3 L. acidophilus 3 20 
4 L. plantarum 3 20 
5 L. casei 2 13.33 
6 L. delbrueckii 1 6.67 
Streptococcus spp. 
7 St. thermophilus 8 80 
8 St. lactis 2 20 
Coliform  
9 E. coli 4 40 
10 Klebsiella  3 30 
11 Enterobacter aerogenes  3 30 
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(Yagil, 1982; Dirar, 1993; Abdelgadir et al., 1998 and Ahmed et al., 2010) and 
storage conditions (Hassan et al., 2006 and Hassan et al., 2007). Moreover, the 
agitationconditionsunder which the nomadic herders produce Gariss play a major 
role in the fermentation process of theproduct, by increasing the fermentability 
(Dirar, 1993 and Mirghani, 1994). Also the temperature is the mostimportant 
factor in controlling the growth of the fermentation microorganisms in the milk 
and dairy products(Olson, 1950 and Hassan et al., 2006). 
All households interviewed in the study area stated that camel milk usually 
consumed either fresh or fermented, whereas, some of them preferred it when it is 
fermented, this might because it can be kept for a long time as sole source of food. 
Abdelgadir, et al.; 1998stated that the most preferred camel milk is fermented; this 
is suitable in the desert because of the high ambient temperature prevailing in the 
area which accompanied with lack of cooling facilities that reduces the shelf life of 
the milk and the permanent movements of the nomadic camel milk herders need to 
preserve their milk for long time. This observation is in agreement with that earlier 
reported by Yagil (1982) and Alhadrami (2003) who indicated that camel milk is 
consumed fresh in the most camel rearing societies. Moreover, the data showed 
some times the camel milk may be mixed with milk from other species like sheep 
or goat milk and this result was in support to Yagil (1982), who reported that 
camel milk is often mixed with fresh or churned goat milk to produce other milk 
products, similarly Eyassu et al. (2007) reported that camel milk is mixed with 
milk of cows, goats and sheep particularly when intended to make products such as 
butter and cheese. Moreover they reported that the pastoralists live for months on 
Gariss as sole source of nourishment. Most of the households stated that fresh 
camel milk can be kept unspoiled for about 7 days. This observation is in line with 
that reported previously by Yagil et al. (1984) and Eyassu (2007). Cows' milk turns 
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sour within 48 hours; however, it took seven days for camel milk to sour (Eyassu, 
2007).  
The present study showed significant variations in chemical composition 
between Gariss samples collected from nomadic camel herders during rainy and 
dry seasons. The result showed significant (P<0.05) differences in total solids, fat, 
proteins, ash, and pH of Gariss samples and this might be attributed to the type of 
milk used which affected by the availability of water and fodder, the environmental 
conditions .This result is in agreement with that of Hassan et al. (2008) and Ahmed 
et al. (2010). The variations in chemical composition of camel milk that might be 
attributed to many factors based on the physiological and environmental conditions 
such as the species of camel, age, health condition, differences in genotypes, 
seasonal conditions (wet or dry), parity of camel’s (Zeleke, 2007), ecological 
localities for camels, water availability and green fodder (Farah, 1996 and Bakheit, 
1999), fermentation period and stage of lactation (Zamfir et al., 2006 and Dewan 
and Tamang, 2007).  Furthermore, the variations in chemical compositions of 
Gariss samples might be due to the types of containers used and the results 
revealed significant differences in fat content between Gariss prepared in bukhsa 
and stainless steel might attributed to the separation of cream and churning process 
when bukhsa used which reduce the fat content which supported Dirar (1993), and 
where as no separation process practiced when stainless steel containers were used. 
Although the fat value was low the total solids was high because of they remove 
whey. 
The data for the pH of Gariss were similar to these of Sulieman et al. (2007); 
Abdelgadir et al. (2008); Hassan et al. (2008) and Ahmed et al. (2010). This result 
also agreed with those reported by Dirar (1993) for Gariss samples collected from 
Butana area and Northern Kordofan. This might be due to the retrieving of 
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fermented Gariss and addition of equal quantities of fresh milk,that the pH and 
acidity of the system remain more or less constant (Mirghani, 1994). The results 
also indicated significant differences in pH between Gariss samples collected in 
different seasons which could be explained by the storage period and quantity of 
previous Gariss that was used as starter. The low pH values could be due to the 
variations of camel milk, it might be also due to the season, as the data show low 
pH during the rainy season because of continuous addition of camel milk while in 
dry season the rate of addition of camel milk is low because the camel rear far 
away, also the temperature affect on the pH value. The types of containers used 
have its effect on pH value as shown in Table 2. The low pH values ofGariss 
indicate major contributions of lactic acid bacteria and yeast in the fermentation 
(Dirar, 1993).  
The data revealed no significant differences in the log counts for yeast and 
coliform between the two seasons (rainy and dry), this may be attributed to the 
unhygienic milk production and handling practices, where there is a problem of 
water availability. Whereas, there were significant variations in log total bacterial 
counts of, Lactobacillus spp. and Streptococcus spp., which might be attributed to 
the variations in temperature between the two seasons, the differences in the pH of 
Gariss and the impacts of the location. The temperature is the mostimportant 
factor in controlling the growth of the fermentative microorganisms in the milk and 
dairy products(Olson, 1950). Similarly Hassan et al. (2006) found variation on 
microbial loads for Gariss samples that kept at 37° C and 25° C. 
The different types of processing containers and various types of additives 
might explain the variations in bacterial and yeast load and bacterial type. The data 
showed significant differences in the log count of different bacterial and yeast 
species according to the types of additives used and the influence of using a cloth 
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to hold the spices beside the different quantities of spices used. Each one of these 
spices has its impact on the microbial counts. This result was in the line with that 
of Ahmed et al. (2010) and Shori et al. (2012). The data also showed that the 
Gariss samples without additives had higher microbial loads, which is similar to 
that reported by Ahmed et al. (2010). 
Variations was found in the mean of log counts of some microorganisms in 
Gariss samples collected from nomadic camel herder’s in AlGadarif according to 
the types of containers. The data showed the highest coliform count in Gariss 
samples was found in stainless container and this may be attributed to unhygienic 
milk production used for processing and the handling practices and the lack of 
concept of washing and disinfectants of udder among camel herders. However, 
Ahmed et al., 2010 stated that the plastic containers used to prepare and stored 
Gariss which reused continuously showed high bacteria counts due to improper 
cleaning because of difficulty they may face to reach the bottom, or cleaning done 
with water of poor microbiological quality. Moreover, the Gariss made in bukhsa 
showed the highest number of Lactobacillus spp. and Streptococcus spp. which 
could be related to the suitable environment and the condition of fermentation and 
it is absorb in the pores preserve the starter culture more than other materials for 
their growth also its material is rough and cleaning and washing is so difficult 
beside its ability to keeping temperature for long time which is opposite to stainless 
which loose heat easy. The stainless steel containers had the lowest Streptococcus 
spp. and Lactobacillus spp., which can be attributed to the smooth surface.  
The primary and confirmatory tests used for the identification of 
Lactobacillus spp. showed the L. fermentum is the most predominant bacteria 
species and it was frequently isolated from African fermented milk products 
(Abdelgadir et al., 2001; Narvhus and Gadaga, 2003) including Gariss (Sulieman 
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et al., 2006 and Abdelgadir et al., 2008). However, Abdelgadir et al. (2008) found 
higher counts compared to Hassan et al. (2008) and Ashmaig et al. (2009). The L. 
plantarum in Gariss samples might be due to the reason that low rate of 
Lactobacillus plantarum is known to be commonly associated with plants. Thus in 
studies on the occurrence of lactic acid bacteria Lactobacillus plantarum 
constituted the highest number of Lactobacillus species isolated from fermented 
plant materials (Shori et al., 2012). The previous study showed Lactobacillus 
planturum, Streptococcus lactis and S. lactis subsp diactylactis were found to have 
high population compared to other bacteria isolates (Hassan et al., 2008). In 
contrast to Abdelgadir et al. (2008), L. fermentum and Strep. infantarius subsp. 
Infantarius were the dominant population. Ashmaig et al. (2009) isolated L. 
plantarum and L. raffinolactis as a dominate (50% of total bacteria isolate). The 
predominant Streptococcus spp. in Garisss samples was Strep. thermophilus and 
this goes in line with Hassan et al. (2008).  
The coliform bacteria isolated from Gariss samples showed that E. coli 
represented the highest proportion. Shuiep et al. (2007) isolated E. coli from fresh 
camel milk. The coliforms are associated with poor hygiene and their occurrence in 
the product may indicate a potential health risk (Beukes et al., 2001). Dirar (1993) 
reported that traditional fermented milk products are usually primitive, compared 
to modern ways of food preparation. Major risk enhancing factors are the use of 
contaminated raw materials, lack of pasteurization, use of poorly controlled natural 
fermentations and inadequate storage and maturation conditions (Nout, 1994). 
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CHAPTER SIX 
CONCLUSION AND RECOMMENDATIONS 
6.1 Conclusion 
1- Camel milk is consumed mainly in fermented form (Gariss) by the nomadic 
camel herders.  
2- The fermentation process is fermentation is spontaneous using undefined 
bacteria at the ambient temperature. It is uncontrollable and can result in 
undesirable products that are shortened the product shelf life. 
3- The chemical composition and the microbial content of Gariss were affected 
by the seasons, types of additives and containers used in the processing.  
6.2 Recommendations 
1- To improve the spontaneous traditional fermentation, controlled fermentation 
using lactic acid bacteria starter culture is a very important strategy. 
2- Training and extension should be adopted to raise awareness among producers 
on clean milking, handling practice for proper Gariss quality and safety. 
3- Additional work is needed on the consistency of Gariss, separate studies on the 
effect of the additive and containers on Gariss quality. 
4- Further research is needed to characterize the properties of the isolated strains 
such as the determination of lactic acid production, proteolytic and lipolytic 
activity and the production of inhibitory substances. 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
65 
 
REFRENCES 
Abdel Rahman, I.E.; Dirar H.A. and Osman, M.A. (2009). Microbiological and 
biochemical changes and sensory evaluation of camel milk fermented by 
selected bacterial starter cultures. Afr. J. Food Sci., 3: 398-405. 
Abdelbasset, M. and Djamila, K. (2008). Antimicrobial activity of autochthonous 
lactic acid bacteria isolated from Algerian traditional fermented milk “Raïb”. 
Afr.  J. Biotechnol., 7: 2908-2914. 
Abdelgadir, W.S.; Ahmed, T.K. and Dirar, H.A. (1998). The traditional fermented 
milk products of the Sudan. Int. J. Food Microbiol., 44: 1–13. 
Abdelgadir, W.S.; Hamad, S.H.; Moller, P.L.; and Jakobsen, M. (2001). 
Characterization of the dominant microbiota of Sudanese fermented milk 
Rob. Int. Dairy J., 11: 63-70. 
Abdelgadir, S.W.; Nielsen, D.; Hamad, H.S. and Jakobsen, M. (2008). A 
traditional Sudanese fermented camel’s milk product, Gariss, as a habitat of 
Streptococcus infantarius subsp. infantarius. Int. J. Food Microbiol., 127: 
215-219. 
Abu-Lehia, I. H. (1989). Physical and chemical characteristics of camel milk fat 
and its fractions. Food Chemistry, 34: 261-271. 
Abu-Taraboush, H. M.; Al-Dagal, M. M. and Al-Royli, M. A. (1998). Growth, 
viability, and proteolytic activity of Bifidobacteria in whole camel milk. 
Journal of Dairy Science, 81: 354-361. 
Adesokan1, A.; Abiola1, O. P. and Ogundiya, M. O. (2010). Influence of ginger 
on sensory properties and shelf-life of ogi, a Nigerian traditional fermented 
food. African Journal of Biotechnology, 12: 1803-1808. 
Agrawal, R. P.; Budania, S.; Sharma, P.; Gupta, R. and Kochar, D. K. (2007). 
Zero prevalence of diabetes in camel milk consuming Raica community of 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
66 
 
northwest Rajasthan, India. Diabetes Research and Clinical Practice, 76: 
290- 296. 
Ahmed, A. I.; Mohammed, A. A.; Faye, B.; Blanchard, B. and Bakheit, S, A. 
(2010).  Assessment of quality of camel milk and Gariss, North Kordofan 
State, Sudan. Research Journal of Animal and Veterinary Sciences, 5: 18-22. 
Ahmed, I. M.; Eissa, E. A.; Yagoub, A. E. and Babiker, E. E. (2011). 
Physicochemical, microbiological and sensory characteristics of yoghurt 
produced from camel milk during storage. Electronic Journal of 
Environmental, Agricultural and Food Chemistry, 10: 2305-2313.  
Ahmed, T. R.; Kanwal, I.H.; Athar and Ayub, N. (2002). Isolation and 
identification of lactic acid producing bacteria from camel milk. Pakistan 
Veterinary Journal, 22(3): 141-144. 
Alhaj, O. and Al Kanhal, H. (2010). Compositional, technological and nutritional 
aspects of dromedary camel milk. International Dairy Journal, 20: 811- 821. 
Alhadrami, G. A. (2003). Camel. In: Encyclopedia of Dairy Sciences (Roginski, 
H.; Fuquay, J. W. and Fox, P. F. (editors), pp: 616-623. Amsterdam, 
Academic Press. 
Álvarez-Martín, P.; Flórez, A. B.; Hernández-Barranco, A. and Mayo, B. (2008). 
Interaction between dairy yeasts and lactic acid bacteria strains during milk 
fermentation. Food Control, 19: 62–70. 
Al-Amin, F. M. (1979). The dromedary camel of the Sudan. In: camels IFS. 
Symposium, Sudan, pp: 35-53. 
Al-Attas, A. S. (2008). Determination of essential elements in milk and urine of 
camel and in Nigella sativa seeds. Arabian Journal of Chemistry, 1: 123-
129. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
67 
 
AOAC, (1990a). Association of Official Analytical Chemists. Acidity of milk 
(Titrimetric method). In: Official Methods of Analysis, No. 947.05. Inc. 
Virginia, USA. 
AOAC, (1990b). Association of Official Analytical Chemists Inc. Solids (Total) 
in milk. In: Official Methods of Analysis, No.925.23. Virginia, USA. 
AOAC, (1990c). Association of Official Analytical Chemists Inc Ash of milk 
(Gravimetric Methods of Analysis, No. 945. 46. Association method). In:. 
Virginia, USA. 
AOAC, (1990d). Association of Official Analytical Chemists Inc.Total nitrogen in 
milk (micro-Kjeldahl method). In: Official Methods of Analysis, No. 
991.21. Virginia, USA. 
Ashmaig, A.; Hasan, A. and El Gaali, E. (2009). Identification of lactic acid 
bacteria isolated from traditional Sudanese fermented camel’s milk (Gariss). 
African Journal of Microbiology Research, 3(8): 451-457. 
Attia, H.; Kerouatou, N. and Dhouib, A. (2001). Dromedary milk lactic acid 
fermentation: Microbiological and rheological characteristic. Journal of 
Industrial Microbiology and Biotechnology, 26(5): 263-270. 
Axelsson, L. T. (1993). Lactic acid bacteria: classification and physiology. In 
Salminen, S. and von Wright, A. (Eds.), Lactic acid bacteria (pp. 1-64). New 
York, USA, Marcel Dekker. 
Bakheit, S. A.; Majid, A. M. and Abu-Nikhila, A. M. (2008). Camels (Camelus 
dromedarius) under pastoral systems in North Kordofan, Sudan: Seasonal 
and parity effects on milk composition. Journal of Camelid Sciences, 1: 32-
36. 
Bakheit, S.A. (1999). Studies on milk production and composition of camel’s milk 
(Camelus dromedarius) under nomadic system. M.Sc. Thesis of U.K. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
68 
 
Baron, S. (1996). Medical Microbiolgy- 4th edition – Galveston (TX). University 
of Texas Medical Branch at Galveston. 
Barrow, G.I. and Feltham, R.K.A. (1993). Cowan and Steel’s Manual for the 
Identification of Medical Bacteria. (Third edition), Cambridge University 
Press. 
Benkerroum, N. (2008). Antimicrobial activity of lysozyme with special relevance 
to milk. African Journal of Biotechnology, 7: 4856-4867. 
Beukes, E.M.; Bester, B.H. and Moster, J.F. (2001). The microbiology of South 
African traditional fermented milk. Int. J. Food Microbiol., 63: 189-197. 
Bhatti, M. A.; Khan, M. T. J.; Ahmed, B. and Jamshaid, M. (1996). Antimicrobial 
activity of Trigonella foenum-graecum seeds. Fitoterapia, 67: 372-374. 
Black, M.; Bewley, J.D. and Halmer, P. (2006). The Encyclopedia of Seeds: 
Science, Technology and Uses. CAB International. Cambridge, USA. 
Bradley, R.L.J.; Arnold, E.J.R.; Barbano, D.M.; Semerad, R.G.; Smith D.E. and 
Viries, B.K. (1992). Chemical and physical methods. In: Standard Methods 
for the Examination of Dairy Products. Marshall, R.T. (ed). American Public 
Health Association Washington Dc. USA. 
Burits, M. and Bucar, F. (2000). Antioxidant activity of Nigella sativa essential 
oil. Phytotherapy Res., 14: 323–328. 
Cantor, M. D.; van den Temple, T.; Hansen, T. K. and Ardo¨, Y. (2004). Blue 
cheese. In: Fox, P. F.; McSweeney, P.; Cogan, T. and Guinee, T. (Eds.). 
Cheese: Chemistry, Physics and Microbiology, Major Cheese Groups (Vol. 
2, third edition, pp. 175–198). London: Chapman and Hall. 
Cardellino, R.; Rosati, A. and Moscom, C. (2004). Current status of genetic 
resources, recording and production systems in Africa, Asia and America. 
Camelids FAICAR seminar on Camelids. Sousse, Tunisia: Food and 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
69 
 
Agriculture Organization of the United Nations and International Committee 
for Animal Recording. Inc. Virginia, USA. 
Chen, Y. Y. (2004). Factors affecting protease activity of ginger and its 
application in milk clotting products. Master’s thesis, Department of Animal 
Science, National Taiwan University. 
De Vuyst, L. and Leroy, F. (2007). Bacteriocins from lactic acid bacteria: 
production, purrification and food application. J. Mol. Microbial. 
Biotechnol., 13: 194-199. 
Dewan, S. and Tamang, J. P. (2007). Dominant lactic acid bacteria and their 
technological properties isolated from the Himalayan ethnic fermented milk 
products. Antonievan Leeuwenhoek International Journal of General and 
Molecular Microbiology, 92(3): 343-352. 
Dirar, H.A. (1993). The indigenous fermented foods of the Sudan. A Study in 
African Food and Nutrition. First edition, University Press, Cambridge, 
UNIDO C.A.B. International, Wallingford. 
Eisa, M.O. and Mustafa, A. B. (2011). Production systems and dairy production of 
Sudan camel (Camelus dromedarius): A Review Middle-East Journal of 
Scientific Research, 7: 132-135. 
Eissa, E. A.; Mohamed Ahmed, I. A.; Yagoub, A. E. A. and Babiker, E. E. (2010). 
Physicochemical, microbiological and sensory characteristics of yoghurt 
produced from goat milk. Livestock Research for Rural Development, 22 (8) 
available at http://www.lrrd.org/lrrd22/8/eiss22137.htm. 
El-Agamy, E. I.; Ruppanner, R.; Ismail, A.; Champagne, C. P. and Assaf, R. 
(1992). Antibacterial and antiviral activity of camel milk protective proteins. 
Journal of Dairy Research, 59: 169-175. 
El-Agamy, E. I.; Abou-Shloue, Z. I. and Abdel-Kader, Y. I. (1998). Gel 
electrophoresis of proteins, physicochemical characterization and vitamin C 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
70 
 
content of milk of different species. Alexandria Journal of Agricultural 
Research, 43: 57-70. 
El-Agamy, E. I. (2000). Effect of heat treatment on camel milk proteins with 
respect to antimicrobial factors: A comparison with cows’ and buffalo milk 
proteins. Food Chemistry, 68: 227-232. 
El-Agamy, E. I.; Nawar, M.; Shamsia, S. M.; Awad, S. and Haenlein, G. F. W.M. 
(2009). Are camel milk proteins convenient to the nutrition of cow milk 
allergic children? Small Ruminant Research, 82: 1-6. 
Elamin, F. M. and Wilcox, C. J. (1992). Milk composition of Majaheim camels. 
Journal of Dairy Science, 75: 3155-3157. 
Elayan, A. A.; Sulieman, A. E. and Saleh, F. A. (2008). The hypocholesterolemic 
effect of Gariss and Gariss containing Bifidobacteria in rats fed on a 
cholesterol-enriched diet. Asian Journal of Biochemistry, 3: 43-47. 
El-Jassir, S. M. (1992). Chemical composition and microflora of black cumin 
(Nigella sativa) seeds growing in Saudi Arabia. Journal of Food Chemistry, 
45(4): 239–241. 
El-Mardi, M.A. (1988). A study on fermented milk ‘‘Roub’’. M.Sc. Thesis, 
University of Khartoum. 
Elnasri, N. A. and Eltinay, A. H. (2007). Functional properties of fenugreek 
(Trigonella foenum graecum) protein concentrate. Food Chemistry, 103: 
582–589. 
El Zubeir I. E. M. and Ahmed, M. I. (2007). The hygienic quality of raw milk 
produced by some dairy farms in Khartoum-Sudan. Research J. Microbiol., 
2: 988-991. 
El Zubeir, I. E. M. and Jabreel, M. S. O. (2008). Fresh cheese from camel milk 
coagulated with Camifloc. International Journal of Dairy Technology, 61: 
90-95. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
71 
 
El Zubeir, I. E. M. and Ibrahium, M.I. (2009). Effect of pasteurization of milk on 
the keeping quality of fermented camel milk (Gariss) in Sudan. Livestock 
Research for Rural Development, 21 (2). 
El Zubeir, I. E. M.; Abdalla, W. M. and El Owni, O. A. O. (2005). Chemical 
composition of fermented milk (roub and mish) in Sudan. Food Control, 16: 
633-637. 
El Zubeir, I. E. M.; Basher, M. A. E.; Alameen, M. H.; Mohammed, M. A. S. and 
Shuiep, E. S. (2012). The processing properties, chemical characteristics and 
acceptability of yoghurt made from non bovine milks. Livestock Research 
for Rural Development, 24 (3). Available at 
http://www.lrrd.org/lrrd24/3/zube24050.htm. 
Eyassu, S. (2007). Handling, preservation and utilization of camel milk and camel 
milk products in Shinile and Jijiga Zones, Eastern Ethiopia. Livestock 
Research for Rural Development, 19, (6). Available at 
http://www.lrrd.org/lrrd19/6/seif19086.htm. 
FAO. (2003). Food Agricultural Organization. Report on a FAO Workshop on 
camel milk. Retrieved 
from.http://www.fao.org/ag/againfo/resources/en/publications/agapubs/Cha
melleBook.  
FAO. (2006). Food Agricultural Organization. The next thing: Camel milk. 
Retrieved from. www.fao.org/newsroom/ en/news/2006/1000275. 
FAO. (2008). Food Agricultural Organization. Camel milk. Retrieved from. 
http://www.fao.org/ag/againfo/themes/en/ dairy/camel.html. 
Farah, Z. (1996). Camel milk properties and products. St. Gallen, Switzerland: 
SKAT, Swiss Centre for Developments Cooperation in Technology and 
Management. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
72 
 
Farah, Z. and Fischer, A. (2004). The camel (C. dromedarius) as a meat and milk 
animal: handbook and product development. Vdf Hochschulverlag. 
www.camelgate.com. 
Farah, Z.; Mollet, M.; Younan, M. and Dahir, R. (2007). Camel dairy in Somalia: 
Limiting factors and development potential. Livestock Science, 110: 187-
191. 
Farah, Z.; Streiff, T. and Bachmann, M.R. (1989). Manufacture and      
characterization of camel milk butter. Milchwissenschaft, 44 (7): 412- 414. 
Farah, Z.; Streiff, T. and Bachmann, M. R. (1990). Preparation and consumer 
acceptability tests of fermented camel milk in Kenya. Journal of Dairy 
Research, 57: 281-283. 
Farnsworth, N. R. and Bunyapraphatsara, N. (1992). Thai medicinal plants. 
Recommended for primary health care system. Bangkok: Prachachon. 
Flammang, A.M.; Cifone, M.A.; Ereson, G.L. and Stankowskci, L.F. (2004). 
Genotoxicity testing of fenugreek extract. Journal of Food and Chemical 
Toxicology, 42: 205–208. 
Fleet, G.H. (1990). Yeasts in dairy products. J. Appl. Bacteriol., 68: 199– 221. 
Fleet, G.H. (2006). The commercial and community significance of yeasts in food 
and beverage production. In: The Yeast Handbook, Querol, A. and Fleet, 
G.H. (Eds.). Springer-Verlag, Berlin Heidelberg, 1-12. 
Fritsch, R.M. and Friesen, N. (2002). Evolution, domestication 
and taxonomy. Allium Crop Science: Recent 
advances. CABI Publishing, New York, pp.5-30. 
Gadaga, T. H.; Mutukumira, A. N. and Narvhus, J. A. (2001). The growth and 
interaction of yeasts and lactic acid bacteria isolated from Zimbabwean 
naturally fermented milk in UHT milk. Int. J. Food Microbiol., 68: 21-32. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
73 
 
Gilliland, S. E. (1998). Fermented milks and probiotics. In E. H. Marth, & J. L. 
Steel (Eds.). Applied dairy microbiology, (pp. 195– 212). New York, USA: 
Marcel Dekker Inc. 
Gomes, A. M. P.; Teixeira, M. G. M. and Malcata, F. X. (1998). Viability of 
Bifidobacterium lactis and Lactobacillus acidophilus in milk: Sodium 
chloride concentration and storage temperature. Journal of Food Processing 
and Preservation, 22: 221–240. 
Greyling, L. (1998). Hygienic and compositional quality of milk in the free state 
province. M.Sc. dissertation, Faculty of Natural Sciences, University of the 
Orange Free State, Bloemfontein, South Africa. 
Grigoryants, N.N. (1954). Composition of camel milk and chal (Ru). Vop. Pit., 
13: 41–45. 
Guasch-Jané, M.; Andrés-Lacueva, C.; Jáuregui, O. and Lamuela- Raventós, R. 
(2005). First evidence of white wine in ancient Egypt from Tutankhamun’s 
tomb. J. Archaeol. Sci., 33: 1075-1080. 
Haddadin, M. S. Y.; Gammoh, S. I. and Robinson, R. K. (2008). Seasonal 
variations in the chemical composition of camel milk in Jordan. Journal of 
Dairy Research, 75: 8-12. 
Hambræus, L. (1992). Nutritional aspects of milk proteins. In P. F. Fox (Ed.), 
Advanced dairy chemistry. Proteins, Vol. 1 (2nd ed.) (57- 490). London, 
UK: ElsevierApplied Science. 
Harrigan, W. F. and MacCance. M. E. (1976). Laboratory Methods in Food and 
Dairy Microbiology. Academic Press, London. pp 25-29.   
Hashim, I. B.; Khalil, A. H. and Habib, H. (2008). Quality and acceptability of a 
set yoghurt made from camel milk. Journal of Dairy Science, 92: 857-862. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
74 
 
Hashim, M. M.; Mingsheng, D.; Iqbal, M. F. and Xiaohong, C. (2011). Ginger 
rhizome as a potential source of milk coagulating cysteine protease. 
Phytochemistry, 4: 58-64. 
Hassan, R. A.; El Zubeir, I. E. M. and Babiker, S. A. (2006). Microbiology of 
camel fermented milk (Gariss) in Sudan. Research Journal of 
Microbiology, 1(2): 160- 165.  
Hassan, R. A.; El Zubeir, I. E. M. and Babiker, S. A. (2007). Effect of 
pasteurization of raw camel milk and storage temperature on the chemical 
composition of fermented camel milk. International Journal of Dairy 
Science, 2(2): 166-171.  
Hassan, R. A.; El Zubeir, I. M. E.; Babiker, S. A. (2008). Chemical and microbial 
measurements of fermented camel milk ‘‘Garris’’ from transhumance and 
nomadic herds in Sudan. Aust. J. Basic Appl. Sci., 2: 800- 804. 
Hou, S.; Mei, H. and Han, T. W. (2009). Characterization of ginger proteases and 
their potential as a rennin replacement. J. Sci. Food Agric., 89: 1178–1185. 
Houghtby, A.G.; Maturin, L.J. and Koenig, K.E. (1992). Microbiological count 
methods. In Standard Methods for the Examination of Dairy Products, 16th 
edition, Ed., R.T. Marshal. Washington, DC: American Public Health 
Association, pp: 213-246. 
ICMSF, (2002). International Commission on Microbiological Specifications for 
Foods. Microorganisms in Foods 7. Microbiological Testing in Food Safety 
Management. University of Toronto Press, Toronto. 
IDF, (1994). International Dairy Federation. Recommendations for the Hygienic 
Manufacture of Milk and Milk Based products. International Dairy 
Federation document No 292. Brussels, Belgium.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
75 
 
Inayat, S.; Arain, M. A.; Khaskheli, M.; and Malik, A. H. (2003). Study of the 
effect of processing on the chemical quality of soft unripened cheese made 
from camel milk. Pakistan Journal of Nutrition, 2: 102-105. 
Jakobsen, M. and Narvhus, J. A. (1996). Yeasts and their possible beneficial and 
negative effects on the quality of dairy products. International Journal of 
Dairy Science, 6: 755–768. 
Jespersen, L. (2003). Occurrence and taxonomic characteristics of strains of 
Saccharomyces cerevisiae predominant in African indigenous fermented 
foods and beverages. FEMS Yeast Res., 3: 191-200. 
Kagkli, D. M. M.; Vancanneyt, P.; Vandamme, C. H. and Cogan, T. M. (2006). 
Contamination of milk by enterococci and coliforms from bovine faeces. J. 
Appl. Microbiol., 1364-507. 
Kalliomäki, M.; Salminen, S.; Arvilommi, K. P.; Koskinen P. and Isolauri, E. 
(2001). Probiotics in primary prevention of atopic disease: a randomized 
placebo-controlled trial. The Lancet., 357: 1076-1079. 
Kappeler, S.; Farah, Z. and Puhan, Z. (1999). Alternative splicing of lactophorin 
mRNA from lactating mammary gland of the camel (Camelus dromedarius). 
Journal of Dairy Science, 82: 2084-2093. 
Karue, C. N. (1998). The dairy characteristics of the Kenyan camel. In P. Bonnet 
(Ed.), Actes du colloque, Dromadaires etchameaux, animauxlaitiers/ 
Dromedaries and camels, milking animals (55-60). Nouakchott, Mauritania: 
CIRAD Publishing. 
Keller, J. J. and Jordan I. (1990). Fermented milks for the South African market. 
South African Journal. Dairy Science, 22: 47-49. 
Kenzhebulat, S.; Ermuhan, B. and Tleuov, A. (2000). Composition of camel milk 
and its use in the treatment of infectious diseases in human. In: Proceedings 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
76 
 
of the 2nd Camelid Conference on Agroeconomics of Camelid Farming, 
Almaty, Kazakhstan, Agro Merkur Publ., p. 101. 
Khaskheli, M.; Arain, M. A.; Chaudhry, S.; Soomro, A. H. and Qureshi, T. A. 
(2005). Physico-chemical quality of camel milk. Journal of Agriculture and 
Social Sciences, 2: 164-166. 
Kherouatou, N.; Nasri, M. and Attia, H. (2003). A study of the dromedary milk 
casein micollo and its changes during acidification. Brazilian Journal of 
Food Technology, 6: 237- 244. 
Kleerebezemab, M.; Hols, P. and Hugenholtz, J. (2000). Lactic acid bacteria as a 
cell factory: rerouting of carbon metabolism in Lactococcus lactis by 
metabolic engineering. Enzy. Microbial. Technol., 26: 840-848. 
Konuspayeva, G.; Faye, B. and Loiseau, G. (2009). The composition of camel 
milk: a meta-analysis of the literature data. Journal of Food Composition and 
Analysis, 22: 95-101. 
Kosikowski, F. V. (1982). Cheese and Fermented Milk Foods.  2nd ED. New 
York. 
Kurmann, J.A. (1994). The production of fermented milk in the world: aspects of 
the production of fermented milks. Int. Dairy Federation Bull., 179: 16-26. 
Lhoste, F. (2004). Lait de chamelle pour l’Afrique. Atelier sur la filièrecameline 
en Afrique, Niamey, Animal Production and Health, Publication FAO, 
Rome. 
Laleye, L. C., Jobe, B. and Wasesa, A. A. H. (2008). Comparative study on heat 
stability and functionality of camel and bovine whey proteins. Journal of 
Dairy Science, 91: 4527- 4534. 
Lopandic, K.; Zelger, S.; Banszky, L. K.; Eliskases-Lechner, F. and Prillinger, H. 
(2006). Identification of yeasts associated with milk products using 
traditional and molecular techniques. Food Microbiol., 23: 341-350. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
77 
 
Lore, T. A.; Mbugua, S. K. and John Wangoh (2005). Enumeration and 
identification of microflora in suusac, a Kenyan traditional fermented camel 
milk product. Lebensm Wiss.U. Technol., 38: 125–130. 
Magjeed, N. A. (2005). Corrective effect of milk camel on some cancer 
biomarkers in blood of rats intoxicated with aflatoxin B1. Journal of the 
Saudi Chemical Society, 9: 253-263. 
Mehaia, M. A. (1993). Fresh soft white cheese (Domiati-type) from camel milk: 
Composition, yield, and sensory evaluation. Journal of Dairy Science, 76: 
2845-2855. 
Mehaia, M. A.; Hablas, M. A.; Abdel-Rahman, K. M. and El-Mougy, S. A. 
(1995). Milk composition of Majaheim, Wadah and Hamra camels in Saudi 
Arabia. Food Chemistry, 52: 115-122. 
Mehaia, M. A. (2006). Manufacture of fresh soft white cheese (Domiati-type) 
from dromedary camels milk using ultrafiltration process. Journal of Food 
Technology, 4:206-212. 
Meshram, I. I.; Hiwarkar, P. A. and Kulkarni, P. N. (2009). Reproductive risk 
factors for a case control study. Online Journal of Health and Applied 
Sciences, 8:3. Available at www.ojhas.org/issue31/2009-3-5.htm. 
Ministry of Animal Resource and Fisheries (2008). Dept. of Statistic and 
Information, Khartoum - Sudan. 
Mirghani, A.A. (1994). Microbiological and biochemical properties of the 
fermented camel milk ‘‘Gariss’’. M. Sc. Thesis, University of Khartoum, 
Sudan. 
Mohamed, M. A. and Larsson-Raznikiewicz, M. (1990). Hard cheese from camel 
milk. Milchwissenschaft, 45: 716-718. 
Morsi, N. M. (2000). Antimicrobial effect of crude extracts of Nigella sativa on 
multiple antibiotics resistant bacteria. Acta. Microbiol. Polonica, 49: 63–67. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
78 
 
Murphy, S. C. and Boor, K. J. (2003). Basic Dairy Bacteriology. Microbiological 
Quality Defects in Fluid Milk Products: The evaluation of shelf life. Cornell 
University, Ithaca, New York.  
Nakazawa, Y. and Hosono, A. (1992). Types and standards for fermented milks 
and lactic drinks. Functions of fermented milk. Challenges for the health 
sciences. England: Elsevier Science Publishers ltd. 
Narvhus, J. A. and Gadaga, T. H. (2003). The role of interaction between yeasts 
and lactic acid bacteria in African fermented milks: A review. International 
Journal of Food Microbiology, 86: 51–60. 
Nout, M. J. R. (1994). Fermented foods and foods safety. Food Res. Int., 27: 291-
298. 
Olaoye, O. A. and Onilude, A. A. (2008). Identification of Pediococcus spp. from 
beef and evaluation of their lactic acid production in varying concentrations 
of different carbon sources. Adv. in Nat. Appl. Sci., 2: 197- 207.  
Olson, T.M. (1950). Elements of Dairying. The Macmillan Company, New York. 
Omar, H.; Halima, Z. and Nour-Eddine, K. (2007). Technologically important 
properties of lactic acid bacteria isolated from raw milks of three breeds of 
Algerian dromedary (Camelus dromedarius). Afr. J. Biotechnol., 6: 1720-
1727. 
Omer, R. H. and Eltinay, A. H. (2009). Changes in chemical composition of 
camel’s raw milk during storage. Pakistan Journal of Nutrition, 8: 607- 610. 
Oonmetta-aree, J.; Suzuki, T.; Gasaluck, P. E and Eumkeb, G. (2006). 
Antimicrobial properties and action of Galangal (Alpinia galangal linn.) on 
Staphylococcus aureus. LWT - Food Sci. Technol., 39: 1214-1220.  
Pereira-Dias, S.; Potes, M.E.; Marinho, A.; Malfeito-Ferreira, M. and Loureiro, V. 
(2000). Characterization of yeast flora isolated from an artisanal Portuguese 
ewes' cheese. Int. J. Food Microbiol., 60: 55-63. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
79 
 
Pitt, J. I. and Hocking, A. D. (1997). Fungi and food spoilage. London: Blackie 
Academic and Professional. 
Post, R. C. (1996). Regulatory perspective of the USDA on the use of 
antimicrobials and inhibitors in foods. Journal of Food Protection, 
Supplement, 78–81.  
Quan, S.; Tsuda, H. and Miyamoto, T. (2008). Angiotensin I-converting enzyme  
inhibitory peptides in skim milk fermented with Lactobacillus helveticus 
130B4 from camel milk in Inner Mongolia, China. Journal of the Science of 
Food and Agriculture, 88: 2688 - 2692. 
Rada, V. and Dlabal, J. (1998). Susceptibility of bifidobacteria to nisin. Letters in 
Applied Microbiology, 26:123–125. 
Rahman, H.; Xiaohong, Æ. C.; Meiqin, F, Æ. and Mingsheng, D. (2009). 
Characterization of the dominant microflora in naturally fermented camel 
milk shubat. World J. Microbiol. Biotechnol., 25: 1941–1946. 
Ramadan, M.F. (2007). Nutritional value, functional properties and nutraceuticals 
        applications of black cumin (Nigella sativa L.): an overview. Int. J. Food    
Sci. Technol., 42: 1208–1218. 
Richter, R.L. and Vedamuthu, E.R. (2001). Milk and milk products. In: 
Compendium of the methods for the microbiological examination of foods. 
4th ed., APHA, Washington, pp. 483–495. 
Robinson, R. K. (1981). The Microbiology of the Milk Products. In: Dairy 
Microbiology, 1st Edn., Vol. 2. Elsevier Science Publishing Company Inc., 
New York, USA. 
Robinson, R.K. and Tamime, A.Y. (1990). Microbiology of Fermented Milk. In: 
Dairy Microbiology, Vol . 2, The Microbiology of Milk Products. Ed. R.K. 
Robinson, London, Applied Science Publishers. 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
80 
 
Robert, S. (2008). Ecology of fermented foods. Human Ecology Rev., 15: 25-31. 
Rodriquez, D. W. (1971). A short economics history of ginger commodity, Bull. 
No.4 Agricultural Planning Unit, Ministry of Agriculture and Fisheries, 
Jamaica. 
Romano, P.; Ricciardi, A.; Salzano, G. and Suzzi, G. (2001). Yeasts from water 
buffalo mozzarella, a traditional cheese of the Mediterranean area. Int. J. 
Food Microbiol., 69: 45-51. 
Roostita, R. and Fleet, G. H. (1996). The occurrence and growth of yeast in 
Camembert and blue-veined cheese. International Journal of Food 
Microbiology, 28: 293–404. 
Rüegg, M.W. and Farah, Z. (1991). Melting curves of camel milk fat. 
Milchwissenschaft, 46: 361- 362. 
Saitmuratova, O. K. and Sulaimanova, G. I. (2001) . Camels milk and shubat from 
the Aral region. Chemistry of Natural Compounds, 37: 566- 568. 
Samona, A. and Robinson, R. K. (1993). Effect of sweetening agents on the 
growth and survival of Bifidobacterium spp. Journal of Dairy Science, 76 
(Suppl. 1), 120. 
Sanders, M. E. (1991). Mixed cultures in dairy fermentations. In: Zeikus, G. and E 
Johnson, E. A., (Eds.), Mixed cultures in biotechnology (pp. 105–133). New 
York: McGraw-Hill Inc. 
Savadogo A.; Ouattara C. A.; Savadogo P. W.; Baro N.; Ouattara S.; Aboubacar,  
T. and Alfred, S. (2004). Microorganisms involved in Fulani fermented milk 
in Burkina Faso. Pakistan Journal of Nutrition, 3: 134-139. 
Schleifer, K. H.; Kraus, J.; Dvorak, C.; Kilpper-Balz, R.; Collins, M. D. and 
Fischer, W. (1985). Transfer of Streptococcus lactis and related streptococci 
to the genus Lactococcus genus. Nov. Syst. appl. Microbiol., 6:183- 187 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
81 
 
Shabo, Y.; Barzel, R.; Margoulis, M. and Yagil, R. (2005). Camel milk for food 
allergies in children. Immunology and Allergies, 7: 796-798. 
Shalash, M. R. (1984). The production and utilization of camel milk. In: W. R. 
Cockrill (Ed.), The Camelid: An all-purpose animal (pp. 196-208). Uppsala, 
Sweden: Scandinavian Institute of African Studies. 
Shori, A. B.  (2012). Comparative study of chemical composition, isolation and 
identification of micro-flora in traditional fermented camel milk products: 
Gariss, Suusac, and Shubat. Journal of the Saudi Society of Agricultural 
Sciences. Available at: doi:10.1016/j.jssas.2011.12.001. 
Shuiep, E. S.; El Zubeir, I. E. M.; El Owni, O. A. O. and Musa, H. H. (2007). 
Assessment of hygienic quality of camel (Camelus dromedarius) milk in 
Khartoum State, Sudan. Bulletin of Animal Health and Production in Africa, 
55: 112-117. 
Shuiep, E. S.; El Zubeir, I. E. M.; El Owni, O. A. O. and Musa, H. H. (2008). 
Influence of season and management on composition of raw camel (Camelus 
dromedarius) milk in Khartoum state, Sudan. Tropical and Subtropical 
Agro-ecosystems, 8: 101-106. 
Soukoulis, C.; Panagiotidis, P.; Koureli, R. and Tzia, C. (2007). Industrial yoghurt 
manufacture: monitoring of fermentation process and improvement of final 
product quality. J. Dairy Sci., 90: 2641-2654. 
Spinnler, H. E.; Berger, C.; Lapadatescu, C. and Bonnarme, P. (2001). Production 
of sulphur compounds by several yeasts of technological interest for cheese 
ripening. International Dairy Journal, 11: 245–252. 
Spreer, E. (1998). Whey and whey utilization. In: Milk and Dairy Technology, 
Chapter 10. Marcel Dikker INC, New York. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
82 
 
Sulieman, A. E.; Ilayan, A. A. and El Faki, A. E. (2006). Chemical and 
microbiological quality of Gariss, Sudanese fermented camel’s milk product. 
International Journal of Food Science and Technology, 41: 321-328. 
Sulieman, A.E.; Osawa, R. and Tsenkova, R. (2007). Isolation and identification 
of lactobacilli from Gariss, a Sudanese fermented camel’s milk product. Res. 
J. Microbiol., 2: 125–132. 
Su, H.P.; Huang, M.J. and Wang, H.T. (2009). Characterization of ginger 
proteases and their potential as a rennin replacement. J. Sci. Food Agric., 89: 
1178–1185. 
Sultan, M.T.; Butt, M. S.; Anjum, F. M.; Jamil, A.; Akhtar, S. and Nasir, M. 
(2009). Nutritional profile of indigenous cultivar of black cumin seeds and 
antioxidant potential of its fixed and essential oil. Pak. J. Bot., 41: 1321- 
1330. 
Suzzi, G.; Schirone, M.; Martuscelli, M.; Gatti, M.;  Fornasari, E. and Neviani, E. 
(2003). Yeasts associated with Manteca. FEMS Yeast Res., 3: 159-166. 
Tamime, A.Y. and Robinson, R.K. (1988). Fermented milks and their future 
trends: technological aspects. J. Dairy Res., 55: 281-307. 
Temmerman, R.; Pot, B.; Huys, G. and Swings, J. (2002). Identification and 
antibiotic susceptibility of bacterial isolates from probiotic products. Int. J. 
Food Microbiol., 81: 1-10. 
Thapa, T.B. (2000). Small scale milk processing technologies: Other milk 
products. An Electronic Conference, Food and Agriculture Organization of 
the United Nations, Rome, Italy. 
Thippeswamy, N. B. and Naidu, K. A. (2005). Antioxidant potency of cumin 
varieties—cumin, black cumin and bitter cumin on antioxidant systems. Eur. 
Food Res. Technol., 220: 472–476.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
83 
 
Thomas, T. D. (1985). Role of lactic acid bacteria and their improvement for 
production of better fermented animal products. New Zealand J. Dairy Sci. 
Tec., 20: 1-10. 
Vachon, H. and Ustunol, Z. (1998). Effect of sweetener type on lactic and acetic 
acid production by lactic acid bacteria and bifidobacteria. Journal of Dairy 
Science, 82 (Supplement 1), 7. 
Vinderola, C.G.; Costa, G.A.; Regenhardt, S. and Reinheimer, J.A. (2002).  
Influence of compounds associated with fermented dairy products on the 
growth of lactic acid starter and probiotic bacteria. International Dairy 
Journal, 12: 579–589. 
Weinberg, Z.; Shatz, O.; Chen, Y.; Yosef, E.; Nikbahat, M.; Ben-Ghedalia, D. and 
Miron, J. (2007). Effect of lactic acid bacteria inoculants on in vitro, 
digestibility of wheat and corn silages. J. Dairy Sci., 90: 4754-4762. 
Wiley, A. O. (1974). Ginger growing in Queensland. Queensland Agriculture 
Journal, 100: 551-558. 
Wilson, R. T. (1998). Camels. London, UK: MacMillan Educational Press Ltd. 
120-124, CTA series. 
Wouters, J. T. M.; Ayad, E. H. E.; Hugenholtz, J. and Smit, G. (2002). Microbes 
from raw milk for fermented dairy products. International Dairy Journal, 12: 
91–109.  
Yagil, R. (1982). Camels and camel milk. Animal Production and Health Report. 
Rome, Italy: FAO. 
Yagil, R., and Etzion, Z. (1980). Effect of drought condition on the quality of 
camel milk. Journal of Dairy Research, 47: 159- 166. 
Yagil, R.; Saran, A. and Etzion, Z. (1984). Camels milk for drinking only. 
Comparative Biochemistry and Physiology, 78: 263- 266. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
84 
 
Yang, X. and Eilerman, R. G. (1999). Pungent principle of Alpiniagalanga (L. 
Swartz and its applications.  Journal of Agricultural and Food Chemistry, 47: 
1657–1662. 
Yaqoob, M. and Nawaz, H. (2007). Potential of Pakistani camel for dairy and 
other uses - review article. Animal Science Journal, 78: 467- 475. 
Younan, M. (2004). Milk and meat from the camel, 2004 - camelgate.com. Milk 
Hygiene and Udder Health p: 67- 76. 
Zadoks, R. N.; Gillespie, B. E.; Barkema, H. W.; Sampimon, O. C.; Oliver, P. and 
Schukken, Y. (2007). Comparison of the etiology of environmental mastitis 
in two herds of dairy cows. Slovak J. Anim. Sci., 40(3): 132- 140. 
Zamfir, M.; Vancanneyt, M.; Makras, L.; Vaningelgem, F.; Lefebvre, K.; Pot, B.; 
Swings, J. and De Vuyst, L. (2006). Biodiversity of lactic acid bacteria in 
Romanian dairy products. Syst. Appl. Microbiol., 29:487–495. 
Zeleke, Z.M. (2007). Non-genetic factors affecting milk yield and milk 
composition of traditionally managed camels (Camelus dromedarius) in 
Eastern Ethiopia. Livest. Res. Rural. Dev. 19 (6). Available at 
www.lrrd.org/lrrd19/6/zele19085.htm. 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
85 
 
APPENDICES 
Appendix No 1 
 
 
  
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
86 
 
Appendix No 2 
A survey for nomadic camel herder for Gariss processing in AlGadarif State 
 
1- Questionnaire no (  )               date ………………………. 
2- Localities …… …….                Seasons ………………… 
3- Gender ……………………………………….. 
4- Way of consumption the camel milk:       fresh ( )         fermented () 
5- Traditional preservation methods: Boiling ( ) fermentation ( ) 
6- Types of milk used:           pure camel milk ( )         Mixed with other milk ( )  
7- Types of fermentation process:  Continuous ( )          Fed batch ( )  
8- Interval of adding the camel milk:……………………   
9- Types of additives used: plain ( ) cumin seeds ( ) onion ( ) ginger ( ) 
fenugreek ( ) Grangal ( ) other ( ) if other specify…………………………  
10- Way of adding the condiments:  powder in a piece of tied cloth ( ) directly ( ) 
11- Types of containers: stainless steel ( )          siin ( )          bukhsa () plastic ( )   
other ( ) specify if ……………………………… 
12- Types of spoilage:    Formation of flakes/curd particles ( )      Whey 
separation (syneresis) ( )          Ropiness ( )      too Souring ( ) 
13- Shelf life:    7 days ( ) 4 days ( ) 3 days ( )    48 h ( )     24 h ( ) 
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Appendix No 3: Tests used for identification of Lactobacillus spp. isolates from 
Gariss samples collected from nomadic camel herders, AlGadarif State 
 
 
 
 
 
 
 
Tests  
L. 
fermentu
m 
(26.67) 
L. brevis 
(13.33%
) 
L. 
plantarum 
(20%) 
L. 
acidophilus 
(20%) 
L. casei 
(13.33
%) 
L. 
delbrueckii 
(6.67%) 
Colony color Creamy Creamy Creamy Creamy Creamy Creamy 
Gram 
reaction 
+ + + + + + 
Shape Rod Rod Rod Rod Rod Rod 
Catalase - - - - - - 
Growth at 15 
°C 
- + + - + - 
Growth at 45 
°C 
+ - + + - + 
Gas from 
glucose 
+ + - - - - 
CHO, acid from: 
Arabinose + + - - - - 
Lactose + + - + - + 
Maltose + + + + + - 
Melezitose - - + - + - 
Melibiose + + + + - - 
Raffinose + + + + - - 
Salicin - - + + + - 
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Appendix No 4: Tests used for identification of Streptococcus spp. Isolates 
from Gariss samples collected from nomadic camel herders, AlGadarif State 
 
 
 
 
 
 
 
 
Keys: (MR) Methyl red  
         (VP) vogus prooskaur 
          (+) positive reaction, 
          (-) negative reaction 
 
 
 
 
Tests   St. thermophilus 
(80%) 
 
St. lactis 
(20%) 
Gram reaction + + 
Shape Cocci Cocci 
Cells arrangement  Chain Chain 
Catalase - - 
Growth at 15 °C - + 
Growth at 45 °C + - 
VP - + 
MR + - 
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Appendix No 5: Tests used for identification of coliform bacteria isolates from 
Gariss samples collected from nomadic camel herders from AlGadarif State 
Identified isolates   E. coli 
(40 %) 
Klebsiella 
(30%) 
Enterobacter aerogenes 
(30%) 
Primary  tests 
Colony color Green  Colorless Pink  
Gram reaction - - - 
Shape  Rod Rod Rod 
Motility +   
Catalase + + + 
Gas from glucose + - + 
Secondary tests 
Sugars 
fermentation  
   
Arabinose + + - 
Lactose - - - 
Maltose + + + 
Melezitose + + D 
Melibiose + + D 
Raffinose + - - 
Citrate - + + 
Urease - + - 
H2S from KIA + - + 
MR test  + - + 
VP test  - + - 
Indol test + + + 
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